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Studies on the refractory period of the aur- 
icle have thus far been carried out on exposed 
hearts. Brooks et al.(1,2) recognizing the 
need to avoid variations in temperature 
and water and COs loss encased their prepa- 
rations inside a transparent artificial chest 
wall. Nevertheless studies on ventricular ex- 
citability by this method revealed a type of 
relative refractory period with “dips” that 
was not present in the curves obtained from 
the ventricle in its normal physiological en- 
vironment(3). The question thus arose 
whether the excitability of the auricle in its 
normal environment would be different from 
that which has been reported on auricles in 
open chest experiments. 

The method of Delgado and Sikand(4), 
which consisted of sewing upon the auricular 
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myocardium, electrodes carried by a_poly- 
ethylene plate, was employed in this study. 
The wires attached to the electrode points 
were carried to the surface through a poly- 
ethylene tube and the chest closed in layers 
after the lungs were expanded. In this way a 
pneumothorax was avoided and the animals 
breathed spontaneously. 2-4 hours were al- 
lowed to elapse after the operation to permit 
time for the return of normal physiological 
conditions. As the experiments proceeded it 
became necessary to widen the polyethylene 
plate carrying the electrodes so that the su- 
ture points were well removed from the elec- 
trodes to allow testing of undamaged muscle. 
In addition the electrodes themselves were 
made spherical instead of flat and bent at 
right angles to project 12 mm below the plates 
so as to insure contact of the electrodes with 
the epicardium for a longer time, since it was 
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observed that fibrin deposit on the epicardium 
increased in thickness from day to day and 
gradually separated the electrodes from the 
myocardium. It will be seen below that a 
stronger shock was required each day to pro- 
duce a response because of this occurrence. In 
some of the experiments electrodes were 
sewed to both the right and left auricle to de- 
termine whether the excitability varied be- 
tween the right and left. However no signifi- 
cant differences were found. 

In this communication 3 types of excitabil- 
ity curves of the auricles will be described 
which were obtained by this method. 

(a) The normal excitability curve Fig. 1A. 
It can be seen that an absolute refractory pe- 
riod is followed by a relative refractory period 
with a smoothly declining slope and a con- 
stant diastolic threshold at a level well under 
1 m. amp. and averaging 0.6 m. amp. This is 
typical of 22 experiments performed, 10 on 
the right and 12 on the left auricle in 11 dogs. 
In the first 3 animals curves were obtained 
2-4 hours after chest closure and again 2-3 
hours later. The second determination in 
each animal was identical with the first one. 
This indicated that normal conditions had 
been reestablished 2 hours after chest closure. 
The hearts of 3 animals were examined within 
12 hours after the electrodes were implanted 
and both the epicardium and myocardium 
under the electrode points were normal. Be- 
cause of the uniformity of all the curves and 
the absence of pathology in the auricles, it 
was considered that the curves truly repre- 
sented normal auricular excitability. It will 
be observed that the excitability of the nor- 
mal auricle resembled closely the excitability 
of the normal ventricle with the exception 
that the duration of the total refractory pe- 
riod of the auricle (170 to 250 msec.) was 
less than that of the ventricle (200 to 350 
msec. ). 

(b) A curve with the refractory period 
normal, but with an elevated diastolic thresh- 
old (Fig. 1b). Twenty-one such observations, 
12 on the right and 11 on the left auricle, 
were made in 10 animals from 24 to 72 hours 
post-operative. The diastolic threshold rose 
progressively from day to day and after 72 
hours was usually unobtainable. Parallel with 


EXcITABILITY CuRVES OF Doc AURICLE 


Milliomperes 


100 200 300 400 500 600 700 
Milliseconds 


FIG. 1. A. Excitability curve 3 hr after electrode 
implantation. Abscissa measured from onset of P. 
Total refractory period is 169 m.sec. and measured 
from position of ectopic beat in auricular cycle. 
Note smooth relative refractory period and con- 
stant threshold at 0.8 m.amp. Numbers are heart 
rates at each point and arrows indicate where 
heart rate remained the same. B. Excitability 
curve 72 hr after implantation of electrodes. Note 
oscillation in relative refractory period. Prolonga- 
tion of total refractory period to 236 m.sec. even 
though heart rates are faster. C. Same as A but 
48 hr later. Note elevation of diastolic threshold 
to 4.5 m.amp. Total refractory period unchanged. 
Early threshold period slightly irregular but varia- 
tion is less than 0.1 m.amp. D. Precordial electro- 
cardiograms taken with exploring electrode over 
left apex. Indifferent electrode on right forelimb. 


the rising diastolic threshold, there developed 
under the electrode plates a fibrin deposit 
which grew in thickness and lifted the elec- 
trode points away from the muscle. It was 
considered therefore that the elevated dias- 
tolic threshold did not represent a rise in 
muscle threshold. 

(c) A pathological curve which differed 
from the normal in a prolonged refractory pe- 
riod, the appearance of dips in the relative re- 
fractory period as well as an elevated diastolic 
threshold level, Fig. 1C. This type of curve 
was observed in 9 animals that were studied 
on the 2nd to the 4th day post-operative. The 
animals were sacrificed for histological study 
at intervals up to 21 days. Sections were 
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taken underneath the electrode points. Fi- 
brinosis of varying thickness was found on 
the epicardium less in the earlier than in the 
later specimens. In addition myocardial 
pathology was also observed in the form of 
focal areas of hemorrhagic necrosis. These 
areas were gradually replaced by fibrosis. A 
cellular exudate accompanying the necrosis 
changed gradually from predominantly poly- 
morphonuclear leucocytes to predominantly 
lymphocytes and large monocytes. Since 
these lesions developed under ithe electrode 
points, they were attributed to trauma of the 
points against the contracting auricle. It was 
considered that this type of curve was the 
result of the myocardial pathology. 

This method of testing the excitability of 
the auricles is obviously limited since only in 
the first 12 hours after the electrodes are im- 
planted and the chest closed, can one be rea- 
sonably confident of obtaining a normal ex- 
citability curve. However, it can be employed 
to study the effect of drugs and other factors 
on the excitability of the normal auricle if 
the total duration of the experiment is within 
12 hours. 

Summary. 1. Three types of excitability 
curves of the dog auricle are described which 
were obtained by the method of permanent 
electrode implantation on either right or left 
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auricle of the dog heart. 2. A normal curve 
can always be obtained within the first 12 
hours after the operation. It consists of an 
absolute refractory period, a relative refrac- 
tory period with a smoothly declining slope 
and a constant threshold level averaging 0.6 
m. amp. 3. After 24 hours altered curves of 
two types appeared (a) one that showed a 
normal refractory period but a high diastolic 
threshold level. The @levated threshold was 
believed due to separation of ithe electrodes 
from the myocardium by fibrin deposit. (b) 
A curve with an abnormal refractory period 
as well as an elevated diastolic threshold. 
These latter were found to be associated with 
pathological changes in the myocardium un- 
der the electrodes as well as with the presence 
of epicardial fibrinosis. 
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The work to be reported herein was begun 
to explore the functional pattern of the daily 


* This work was aided in part by grants from 
the American Cancer Society (Institutional and 
Minnesota Division Grants), Elsa U. Pardee Foun- 
dation, the U. S. Public Health Service (G-4158) and 
Graduate School, University of Minnesota. The 
colony of I mice was maintained with funds from the 
Atomic Energy Commission. 


cycle(1) in I mice, in relation to the problem 
of the genesis of breast cancer: the 24-hour 
rhythmical changes in number of circulating 
eosinophils and in rectal temperature were in- 


+ Grateful acknowledgements are due to Arlo Hub- 
bard, who noted the occurence of convulsions in I 
mice, to Donald Martin for technical assistance, to 
Fred Okano for statistical help, and to Dr. Oleg 
Jardetzky for the bell-tub. 
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vestigated and will be described. But in the 
course of this work convulsive seizures were 
occasionally noted while the mice were pre- 
pared for venisection (by transfer into a glass 
jar, at roughly 9 inches under an unglazed 100 
watt lamp) (2). To follow up these incidental 
observations, the effects of auditory stimula- 
tion were also studied during opposite phases 
of the 24-hour cycle. Under these conditions, 
the I mice were found to be susceptible to 
audiogenic convulsions and to maintain this 
susceptibility to seizures over a considerable 
portion of their life span. Moreover, they 
exhibited a marked 24-hour periodicity in 
their susceptibility to audiogenic seizures and, 
also, in their ability to recover from them. 
While the investigations were initiated solely 
to explore some hormonal mechanisms which 
may contribute to breast cancer(3), this re- 
port will also describe the susceptibility to in- 
duced convulsions as a characteristic of the 
I stock of mice and, thus, perhaps, the avail- 
ability of a tool for work on the mechanisms 
of periodicity in the occurrence of clinical 
epileptic seizures(1). 

Materials and methods. Mice of the I 
stock, of both sexes and of various ages, main- 
tained in the Division of Experimental Sur- 
gery at the University of Minnesota were 
used. For 7 days prior to the initiation of the 
studies, the mice were kept singly housed in a 
room illuminated by artificial light only. A 
clock-controlled switch turned the lights on 
at 06:00 and off at 18:00. Purina Fox Chow 
and tap water were available to the mice from 
the time of weaning and throughout the ex- 
periments. The several experiments were car- 
ried out in succession, at 7-day intervals. In 
the first experiments, eosinophil counts were 
made; inext, rectal temperatures were meas- 
ured, and last, the effects of exposure to sound 
were studied. For one experiment on the tem- 
perature rhythm serially dependent sampling 
was employed, i.e., repeated measurements 
were made on the same mice in the course of 
the same experiment. Serially independent 
sampling was used for the other experiment 
on the temperature rhythm and for the ex- 
periments involving eosinophil counts and au- 
ditory stimulation. In this type of sampling, 
different mice were used at the two times of 
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day chosen for the study. In view of earlier 
results(1), all of the sampling with a serially 
independent design was carried out during the 
periods from 08:00 to 11:00 (day) and from 
21:00 to 24:00 (night). 

The procedures employed for direct eosino- 
phil counts in tail blood(2) and for the meas- 
urements of temperature with a thermistor- 
bridge circuit(4,5) have been described. The 
method described by Hall(6) as used by 
Jardetzky(7) was used for auditory stimula- 
tion (roughly 104 decibels above 0.0002 
dynes/sq cm rms pressure). A “‘bell-tub” 
was set up outside of the sound-deadened ani- 
mal room. The transfer of a mouse in its 
cage from the animal room to the testing 
place, including the subsequent transfer of 
the mouse from cage to tub, was completed 
within one minute. A switch was then thrown 
to ring the bells, and the stimulation was con- 
tinued for a one-minute period, measured by 
means of a stop-watch. The mice were tested 
in succession, one at a time, during the 2 pe- 
riods of the day indicated above. A convul- 
sion was recorded if the mouse fell on its side 
and exhibited rapid spasmodic movements of 
its legs (“clonic”), or if it turned over on its 
back with all 4 legs brought close to the body 
and then gradually extended the hind legs 
straight backward (“tonic”). Wild running 
and dashing consistently preceded the con- 
vulsions; this agrees with earlier observations 
(8,9). 

Results. The variability encountered in 
the eosinophil counts of the mice studied may 
be seen in Fig. 1. This considerable variabil- 
ity notwithstanding, day-night differences in 
mean counts may be discerned from this fig- 
ure. These day-night differences are statis- 
tically significant for the several age-groups 
studied (P<.05).  Day-night differences 
also were encountered in the mean rectal tem- 
peratures of these mice and the differences 
were significant below the 1% level. Consis- 
tently, the mean rectal temperatures were 
high by night and low by day, irrespective of 
the use of serially dependent or independent 
sampling procedures. An analysis of  vari- 
ance carried out on the data obtained with 
serially independent sampling further re- 
vealed significant age and sex differences in 
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FIG. 1. Eosinophil rhythm in groups of I mice of various ages. Serially independent sampling. 


rectal temperature. On the average, the mean 
rectal temperatures showed a_ decreasing 
trend with age; also, for I mice 12 and 19 
weeks of age, the mean rectal temperatures 
were significantly lower in females than in 
males. 

Fig. 2 shows the convulsive response ex- 
hibited by the several groups of mice during 
auditory stimulation by the bell-tub method. 
It is readily apparent from this figure that 
the effects of stimulation at the two different 
times of day were not the same. The inci- 
dence of convulsions was high during stimula- 
tion by night but low during stimulation by 
day. Moreover, the ability of the mice to re- 
cover from convulsions was low by night but 
high by day. The periodicities in the convul- 
sion risk and in the mortality from convul- 
sions are statistically significant (P<.01). A 
decrease in the susceptibility to audiogenic 
convulsions with advancing age may also be 


seen in Fig. 2. Similar decreases in suscep- 
tibility with age have been noted for other 
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FIG. 2. Periodicity in convulsions of ‘‘I’’ mice 
of various ages, exposed to ‘‘bell-tub.’’ Serially 
independent sampling. 62 mice were tested by day, 
another 55 mice at night: 4 convulsions (1 fatal) 
were noted by day, 27 convulsions (all fatal) were 

noted at night. 
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stocks(10-12), with the interesting exception 
of the extreme dilution stock(13), in which 
the susceptibility increases with age. In view 
of the sample size employed, we must refrain, 
however, from comments concerning the ques- 
tion whether the age-change in over-all sus- 
ceptibility to audiogenic convulsions is also 
associated with changes in the periodicities 
described herein for convulsions. 

Discussion. The findings of day-night dif- 
ferences in eosinophil count and in rectal tem- 
perature in I mice are in agreement with the 
results of earlier work(14-18). Moreover, the 
data on rectal temperatures, if pooled irre- 
spective of the time of day when they were 
obtained, reveal a decrease in temperature 
with age, and also significant sex differences 
for the younger age groups. Further sex and 
age differences, namely, differences in the 
amplitude of the daily cycles in mean temper- 
atures, are apparent from the periodograms 
(19) presented in Fig. 6. It is pertinent to 
note in this connection that a decrease in the 
amplitude of the mean curves is not neces- 
sarily indicative of a decrease in the ampli- 
tude of the curves for individual mice. This 
decrease in amplitude of mean curve may be 
brought about, in part, by a lesser degree of 
synchronization of the individual curves. A 
slight lengthening of the period of the cycle, 
perhaps a result of handling the mice for 
measurement, may also be seen for nine of 
the ten periodograms shown in Fig. 3. But 
definition of changes in amplitude and period 
of cycle and of the physiologic mechanisms 
involved must await the analysis of more ex- 
tensive data on individual I mice. 

The 24-hour periodicities in susceptibility 
to sound-induced convulsions and in ability 
to recover from convulsions are the main 
point of this report. The significance of these 
phenomena may have been obscured in the 
past, more by the lack of standardization of 
the physical environmental factors which so 
markedly influence 24-hour periodicity than 
by the use of serially dependent sampling. 
Nevertheless, similar trends, at least in the 
susceptibility to auditory stimulation, may be 
seen in data obtained by earlier investigators 
(7,20). With the experimental design em- 
ployed herein, the over-all susceptibility to 
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FIG. 3. Periodograms of mean rectal tempera- 
tures obtained (at 4-hr intervals over a 4-day 
period) on groups of I mice of both sexes and 
various ages. Note, 1) smaller amplitude of mean - 
curves for females (except for 50 wk age groups) ; 
2) decrease in amplitude with age, for male 
groups; 3) period of cycle is slightly longer than 
24 hr in 9 of 10 periodograms shown (see text). 


audiogenic seizures (data pooled irrespective 
of age) was 6% by day and 49% by night. 
Moreover, of the 27 mice convulsing by night, 
none recovered from seizure, while 3 of the 4 
mice convulsing by day did recover. Thus, 
comparable mice, tested by the same auditory 
stimulus, may be described either as highly 
susceptible or as non-susceptible to convul- 
sions, depending upon the time of day chosen 
for stimulation. Unawareness of the occur- 
rences of daily physiologic changes in con- 
vulsive response from 11% by day to 63% 
by night in one group, or from 0% by day to 
85% by night in another group (Fig. 2) is 
likely to constitute a considerable source of 
variation in some experimental data. But 
the phenomenon of convulsive periodicity is 
of interest in itself. Its study may yield new 
clues for the analysis of the sequence of events 
underlying the activity cycle(1). Thus, clues 
may also be obtained concerning the mechan- 
isms which contribute to the unequal dis- 
tribution of seizures during the hours of the 
day in certain epileptics, a subject which has 
recently been reviewed(1). 

Summary. Daily rhythms were studied in 
I mice of several age groups under stand- 
ardized experimental circumstances. The 
rhythms in eosinophil count and in rectal 
temperature are described for this stock. 
Moreover, 24-hour periodicities are noted for 
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the susceptibility of I mice to audiogenic con- 
vulsions and for their ability to recover from 
convulsions. The magnitude of these dif- 
ferences was large and was statistically sig- 
nificant. In one group of young animals the 
convulsive risk was 11% by day and 63% by 
night and in another, 0% by day and 85% 
by night. Changes with age in several of the 
variables studied are also noted. 
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Various experimental methods employed by 
Schutze(1), Wats e¢ al.(2), and Jawetz and 
Meyer(3,4) directed toward the problem of 
distinguishing between virulent and avirulent 
strains by serological methods have failed to 
detect notable qualitative differences between 
any strains of this organism. On the other 
hand, Fadeeva(5), Gheltenkoff and Khvoro- 
stukina(6), and Khorobkova(7), believed 
that such differences were demonstrable. 

The maximum number of antigens which 
P. pestis might possess is unknown. Schutze 
(8) postulated 2, a somatic and an envelope 
antigen. Baker e¢ al.(9) were able to isolate 
and purify 2 fractions, Fraction IA and IB. 
A third, Fraction II, was concentrated but 
not purified. Seal(10) reported the isolation 


* Communicable Disease Center Activities, Public 
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of 5 different fractions from P. pestis. Prelim- 
inary observations of the authors using the 
technic of Oakley and Fulthorpe(11) indi- 
cated the presence of as many as 10 different 
precipitation zone-producing components in 
virulent and avirulent strains of P. pestis. 
Even fractionated components of strains 
Yreka and 14, as well as samples of Fraction 
IA, produced 4 zones or more. If P. pestis is 
possessed of so complex an antigenic structure 
as that indicated by diffusion-precipitin meth- 
ods, the question arises as to whether this 
complex pattern is duplicated between differ- 
ent strains, or whether there might be differ- 
ences giving rise to definable patterns reminis- 
cent of the antigenic patterns of the Sal- 
monellae. 

The present paper describes data indicating 


that certain differences and similarities exist 
between strains of P. pestis which are distin- 
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FIG. 1. Modification of Antigen Comparator Cell 
of Surgalla, et al.(12). 


guishable by means of an antigen comparison 
technic. 

Methods and materials. After incubation 
for 4 days at 37°C, growth of P. pestis was 
harvested in 0.85% NaCl solution. The sus- 
pensions were stored at —20°C until they were 
removed and thawed for testing by means of 
the technic described below. Fig. 1 shows the 
2-channel comparator cell which was adopted 
for this work. It is a modification of the 4- 
channel cell used by Surgalla et al.(12). The 
latter was given an extensive trial, but pat- 
terns produced were often complex and diffi- 
cult to interpret. Very few such difficulties 
have been encountered with the 2-channel 
modification; in addition, the smaller volume 
effects a considerable economy in the use of 
antiserum. The component parts were cut 
from Plexiglass of 1/16 inch thickness and 
cemented together with methylene dihydro- 
chloride. The peg extending from the base of 
the cell facilitates handling and racking in 
%-inch holes drilled into Lucite blocks. In 
use, the cells were pre-coated with 1% agar 
(13). The cells were filled with antiserum- 
agar mixture just to the lower end of the cen- 
ter dividing strip. After the serum-agar mix- 
ture had solidified, the 2 suspensions to be 
compared were placed one on each side of the 
center dividing strip in contact with the agar 
meniscus. A partially purified globulin con- 
centrate of rabbit antiplague serumt was made 
up in a stock dilution of one part of reconsti- 
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tuted serum to 9 parts of sterile 0.85% saline 
buffered to pH 7.0. This preliminary dilution 
was necessary because direct dilution of the 
serum in melted agar invariably resulted in a 
hazy serum-agar mixture. The final mixture 
was prepared by diluting the stock 1:10 anti- 
serum 1:5 in melted agar clarified by centrifu- 
gation(14) and containing 1% NaCl and 
1:2000 sodium  ethylmercurithiosalicylate 
(merthiolate). Thus, the final dilution of re- 
constituted rabbit antiplague serum was 1:50. 
Dilution of serum in melted agar was car- 
ried out after both ingredients had been 
brought to 50°C in a water bath. After the 
comparator cells were set up as described, the 
open ends were sealed with Parafilm and 
placed in a 30°C incubator. Readings were 
made at 3- and 7-day intervals both visually 
and by photographing the cells with a 35-mm 
single lens reflex camera (Exakta) fitted with 
an extension tube. The method of lighting 
was critical. Good results were obtained when 
light from a No. 1 Photoflood bulb, diffused 
through ground glass in an X-ray film viewer, 
was used to illuminate the cells from below 
and behind. A black paper background was 
used. The results are shown in Fig. 2-3. 
Three avirulent and 2 virulent strains of P. 
pestis were selected for comparison with one 
another: Al122, E.V. 76, and 14 (avirulent) ; 
195/P and Yreka (virulent). All suspensions 
were handled with bacteriological safety meth- 
ods(15). 


Results. When suspensions of the same 
strain were placed in both channels of the 
comparator cell, precipitation zones resulting 
from diffusion of antigens into the serum-agar 
mixture extended in even lines all the way 
across the cell. This is to be expected when 
all antigens which can be defined by this 
method are common between the two suspen- 
sions, and this picture was always seen when 
like suspensions were placed on both sides of 
the comparator cell. 


A similar picture was obtained when the 
following strains were compared with one an- 
other: E.V. 76 (avirulent) with Yreka (viru- 
lent); E. V. 76 (avirulent) with 195/P (viru- 
lent), 195/P (virulent) with Yreka (viru- 
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Comparator cell on left of photograph is a mateh between P. pestis strain A1122 and 


strain 14; cell on right is a match between A1122 and Yreka. In each case, A1122 suspension 

was placed in left channel. A single homologous component, extending across both sides of 

cell, Other antigens are heterologous, developing a semi-radial pattern. Photograph made at 
3 days. 


lent). Four separate precipitation zones 
could be visualized in each of the 3 matches. 
In all other cases, patterns of crossing zones 
were produced, indicating non-homology of 
the strains compared. Thus, in the A1122- 
14 match (Fig. 2), 4 zones could be seen aris- 
ing from each side of the comparator cell. 
Only one of these is common to both organ- 
isms, a zone of intermediate mobility extend- 
ing all the way across the cell. It will be 
noted that the components of least mobility 
cannot be strictly compared, being too close 
to the meniscus to permit contact. The com- 
mon zone between these two organisms was 
identifiable also in all other matches. Partial 
heterogeneity is also indicated in the A1122- 
Yreka match on the right of Fig. 2. 
Discussion. According to current interpre- 
tations(13) of diffusion-precipitation systems 
of the type described, merging lines arising as 
a consequence of diffusion of antigens in a 
common direction from separate sources are 
considered to indicate the presence of identi- 
cal, or at least very closely related, antigens. 


‘ships: 


In the 2-channel comparator cell, quantitative 
as well as qualitative similarity would be in- 
dicated when the precipitation zones extend in 
an even line all the way across the cell. 
Where there is appreciable dissimilarity in 
concentration of an antigen, a radial pattern 
should be produced arising from the side 
characterized by the higher concentration, 
which would merge with a brief transverse 
line arising from the side of lower concentra- 
tion. Such a pattern is visible in Fig: 3. 
When an antigen present on one side is com- 
pletely lacking on the other, a complete semi- 
radial pattern should be apparent, and this is 
found in the case of many components in 
matches between strain Al122 and all other 
strains tested. By means of this type of 
analysis, it is possible to divide the 5 strains 
into 3 groups indicating antigenic relation- 
Group I, comprising strains 195/P, 
Yreka, and E. V. 76; Group II, comprising 
strain Al122; Group III, comprising strain 
14. The last of these, strain 14, also has close 
relationships with strain Yreka (Fig. 3). 
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FIG. 3. A match between P. pestis strain Yreka (left) and strain 14 (right). 
mixture of homologous and heterologous zones. 


Pattern is a 
Acetone-killed and dried organisms used. 


Photograph taken at 10 days. Small bubble has appeared in serum-agar at this time period. 


The individuality of strain Al122 is par- 
ticularly surprising because this strain was 
the one used to produce the antiserum. There 
is no experimental evidence to explain this 
result as yet. Our working hypothesis is as 
follows: All antigenic components of strains 
other than strain Al122, perhaps with the ex- 
ception of the one common antigen seen in 
all paired comparisons, must be cross-reacting 
(16) antigens, which are sufficiently different 
from the homologous A1122 antigen to pos- 
sess different diffusion coefficients. 

A hypothesis which seems less likely to us 
is that differences in relative concentration of 
homologous antigens on opposite side of the 
comparator cell might produce patterns inter- 
pretable as due to non-homologous antigens. 
Thus, the boundary of a highly concentrated 
antigen on one side might lead its homologue 
on the opposite side so much as to avoid 
merging with it. 

Summary. 1. Diffusion of mixed antigens 
from different sources in parallel directions in 
serum-agar gels was used for comparing the 
antigenic structure of 3 avirulent and 2 viru- 
lent strains of P. pestis. 

2. Merging of precipitation zones is a cri- 
terion of homology of antigens; crossing of 
zones is a criterion of heterology. By these 
criteria 3 groups among 5 strains of P. pestis 


were established: Group I, Strains 195/P, 
Yreka, E. V. 76; Group: 1 Stra Adie 
Group III, Strain 14. 
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Diet of Adult Female Rats and Relation to Kidney Lesions in Choline 


Deficient Offspring.* 


(21528) 


Dwicut J. Murrorp. (Introduced by Carl A. Bunde.) 


From Department of Biochemistry, School of Medicine, University of Kansas, Lawrence, Kan. 


It has been reported that an 18% casein 
diet with added cystine and low in choline 
produces renal lesions in 95% of young male 
rats in an 8-day period(1,2). We have had 
difficulty in duplicating these results in our 
animals (Sprague-Dawley) and have under- 
taken a study on the influence of the mother’s 
diet during the suckling period on the inci- 
dence of kidney lesions in the offspring. The 
present communication gives results which in- 
dicate that vit. Bj. added to the mother’s diet 
during the period from birth to weaning of 
her young lowers the incidence of renal le- 
sions in the young consuming a low choline 
diet. 

Experimental. Adult female rats of the 
Sprague-Dawley strain having received Pur- 
ina Laboratory Chow since birth were placed 
in raised cages and fed experimental diets ad 
libitum for various lengths of time before 
weaning of their young. When the litters 
reached 21 to 22 days of age they were placed 
in raised cages and fed a low choline diet ad 
libitum. At the end of a 7 day experimental 
period the young were sacrificed by decapi- 
tation and the kidneys examined for hemor- 
rhages. The appearance of the kidneys is 
recorded in Table I as normal or hemorrhagic. 
The latter designation includes those that 
were slightly hemorrhagic, moderately hemor- 
rhagic and severely hemorrhagic. The moth- 
ers were divided into 4 groups and fed the 
diets shown in Table I for various lengths of 
time before weaning of their young. Diet 
TC2 is the basal low choline diet consisting 
of casein (General Biochemicals, Inc.) 18%, 
dry brewers yeast (Nutritional Biochemi- 
cals) 6, agar 2, salt mixture (General Bio- 
chemicals Inc. #XIV) 4, cane sugar 48.7, 
lard 19.9, Natola 0.1, calcium carbonate 1.0 


* This investigation was supported by a research 
grant from the National Institute of Arthritis and 
Metabolic Diseases of the National Institutes of 
Health, Public Health Service. 


TABLE I. Effect of Vit. B,. and Choline Content 
of Mother’s Diet on Incidence of Renal Lesions in 
Young Rats on a Low Choline Diet (TC2) for 


7 Days. 
Diet group 
and time No. and sex No. and sex of 

mothers of young with young with hem- 
on diet* normal kidneys orrhagic kidneys 

(2319) aS eke ay = Mei, 

(14) 3 Oe Oa? ae 1 © 

7) 36 5 9g 29 

2 (21) 5g 139 oa 09 

14) 6¢@ 119 Bon Oke 

(0) We) chk 12g 69 

3 (21) o & 8 9 5 3 09 

(14) at hee LOD 0 3 09 

7) da, 1059 se | W-© 

4 (21) 10 2 9@Q We 1Q 

(14) 76 109 34 09 

( 7) 5¢@ 109 0g 392 


* No. in parenthesis indicates days mothers on 
diet before weaning young. 
Diet 1—TC2. 
2— ” +1 mg choline chloride/g food. 
3— ” + 0.06 y vit. B,/g food. 
4— ” +] mg choline chloride + 0.06 + 
vit. B,./g food. 


and l-cystine 0.3. The crystalline vit. Bis 
used in these experiments was obtained from 
Nutritional Biochemicals. 

Results. The effects of the various supple- 
ments in the mother’s diet on the incidence of 
renal lesions in her young after 7 days on diet 
TC2 are also shown in Table I. Mothers in 
group I were fed basal diet TC2 with no 
added supplement. Out of a total of 33 males 
born in this group 26 had hemorrhagic kid- 
neys after 7 days on diet TC2. Of a total of 
34 females, 21 had hemorrhagic kidneys. 
Mothers in group 2 were fed diet TC2 supple- 
mented with 1 mg added choline chloride per 
gram of food. Of a total of 40 males born in 
this group, 29 had kidney lesions after 7 days 
on diet TC2, while out of 33 females, 6 had 
lesions. Mothers in group 3 received diet 
TC2 supplemented with 0.06 y of crystalline 
vit. By2 per gram of food. Out of a total of 
29 males and 34 females born in this group, 
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8 males and no females had hemorrhagic kid- 
neys after 7 days on diet TC2. In group 4 
the mothers received diet TC2 supplemented 
both with 1 mg choline chloride and 0.06 y 
vit. By» per gram of food. Of a total of 26 
males and 33 females born in this group, 4 
males and 1 female had renal lesions after 7 
days on diet TC2. 

The data indicate that 0.06 y added vit. 
B,2/g of food in the mother’s diet prior to 
weaning reduced the incidence of hemorrhagic 
kidneys in her young consuming a choline 
low diet. Choline chloride at a level of 1 
mg/g of food had little effect on the incidence 
in the males but a more pronounced effect in 
the females (Group 2). 

In another experiment one group of adult 
females was fed Purina Laboratory Chow plus 
a daily supplement of 2 to 3 g of canned dog 
food (Strongheart) for 42 days before wean- 
ing of the young. Another group was fed 
Rockland Complete Rat Diet for 42 days be- 
fore weaning. The young males from each 
litter were placed on the basal diet TC2 for 
6, 7 and 9 days. At the end of these periods 
they were sacrificed and the kidneys examined 
for hemorrhages. Of a total of 52 males born 
to mothers on Purina Laboratory Chow plus 
canned dog food only one had hemorrhagic 
kidneys. Of a total of 29 males born to 
mothers on Rockland Complete Rat Diet, 23 
had hemorrhagic kidneys. Ralston Purina 
Co. adds vit. By. feed supplement to the Lab- 
oratory Chow. Rockland Farms do not add 
vit. By» to their Rat Diet (Complete) (3). 

Discussion. It is not surprising that the 
vit. By» content of the mother’s diet affects 
the incidence of hemorrhagic kidneys in young 
rats on low choline diets. It has been shown 
(4,5,6,7) that rats are able to store vit. Byes 
and that the mother during the suckling pe- 
riod is able to transmit vit. Bi. to the young 
in her milk. Others have observed(8,9,10) 
a marked relationship of vit. By» to the inci- 
dence of hemorrhagic kidneys in young rats. 


CHOLINE DEFICIENCY KIDNEY LESIONS 


Our results suggest that during the suckling 
period if the mother’s diet contains a good 
level of vit. By. the baby obtains enough By2 
from the milk to protect it against kidney 
lesions during the critical period of 6 to 10 
days after weaning. The possibility that the 
young animals may eat enough of the moth- 
er’s diet a few days before weaning to protect 
them cannot be ruled out. Further study 
should answer this question. 

Summary. The incidence of hemorrhagic 
kidneys in young rats after seven days on a 
diet containing 18% casein, 0.3% added cys- 
tine and low in choline is markedly reduced 
if 0.06 gamma vit. B;2/g of food is incorpor- 
ated in the diet of the mother during the 
period from birth to weaning. Choline when 
added at 1 mg/g of food affords very little 
protection in young males when compared to 
that shown by 0.06 gamma of vit. Byo. This 
level of added choline (1 mg/g of food) has a 
greater protective effect in the females. 


The author wishes to express his gratitude to Mr. 
George Bures, Mrs. Margaret Mills and Mrs. Clarice 
Mulford for their assistance in this investigation. 
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Effect of B-Complex Deficiencies on Rat Serum Complement.* 


(21529) 


J. Pruzanskyt ann A. E. AxErrop.t 


From the Institute of Pathology, Western Reserve University, Cleveland, O. 


The impairment of antibody response in 
certain specific vitamin deficiencies in the rat 
has been demonstrated(1). Serum comple- 
ment is another important component of 
many immune systems. In addition, it is a 
biologically-active and hence readily meas- 
ured protein complex which is normally pres- 
ent in the blood. It does not require any spe- 
cial stimulus for its synthesis analogous to 
that of antigen for antibody production. An 
investigation of serum complement in vita- 
min-deficient rats should, therefore, be of 
value in determining the relationship of anti- 
body synthesis to the synthesis of other serum 
proteins. Earlier work on the effect of vita- 
min deficiencies on the level of serum com- 
plement yielded contradictory  results(1). 
Wertman ef al.(2) have recently observed a 
virtually complete loss of complement activity 
in niacin-tryptophane deficiency of the rat. 
Complement activity of the inanition controls 
was also severely depressed. Complement 
values obtained by the present authors in pre- 
liminary experiments in several vitamin de- 
ficiency states have been reported(3). 

In the present paper serum complement 
activities of biotin, pteroylglutamic acid 
(PGA), riboflavin and _ pyridoxine-deficient 
rats will be presented. The parenteral injec- 
tion of an antigen initiates a process resulting 
in the appearance of a new serum protein. It 
might therefore be of interest to study the re- 
generation of serum complement following 
its in vivo depletion in order to compare it 
with the production of antibody. In addition, 
the ability to regenerate complement can be 
assumed to represent a severe test of the ade- 
quacy of the mechanisms involved in comple- 
ment synthesis. Accordingly, the regenera- 
tion of serum complement following its 7m 


* This study was supported by a grant from the 
National Vitamin Foundation, New York City. 

+ Present address: Biochemistry Department, Uni- 
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vivo depletion in riboflavin and pyridoxine- 
deficient and control rats was determined and 
will be reported in this paper. 


Methods. Animals and Diets. Male wean- 
ling albino rats of the Sprague-Dawley strain 
were employed. The animals were housed 
individually in wide-meshed, screen bottom 
cages. The pyridoxine and _ riboflavin- 
deficient animals were fed the basal diet of 
the following percentage composition: Su- 
crose, 56.76; ‘“‘vitamin-free” casein, 25.00; 
salts(4), 4.00; cod liver oil, 2.00; hvdrogen- 
ated vegetable oil, 10.00; corn oil, 2.00; cho- 
line chloride, 0.20; i-inositol, 0.03; dl-a-toco- 
pherol acetate, 0.01; and 2-methyl-1, 4- 
naphthoquinone, 0.001. The PGA-deficient 
animals were fed the same basal diet with the 
exception that 1.0% sulfasuxidine was added 
at the expense of sucrose. The biotin-deficient 
animals were fed the basal diet in which 60% 
of the total casein used was replaced by dried 
egg white. A control group for each of the 
deficiencies received the same basal diet as 
the corresponding deficient group. All ani- 
mals were fed ad libitum with the exception 
of a group of inanition controls which was 
paired-fed with the riboflavin-deficient ani- 
mals. In addition each animal received a 
vitamin pill daily. Each of the pills fed the 
control groups supplied the following vita- 
mins: thiamin, 40 y; niacin, 100 y; riboflavin, 
60 y; calcium pantothenate, 200 y; pyri- 
doxin, 50 y; biotin, 1 y; PGA, 1 y, with the 
exception that the biotin control pill con- 
tained 4 y of biotin. For each of the deficient 
groups the appropriate vitamin was omitted 
from the pill. Complement Assay. Animals 
were placed under nembutal anaesthesia and 
blood drawn by cardiac puncture. The serum 
was separated and assayed immediately or 
quick-frozen and stored at —30°C for a period 
not exceeding 2 weeks. Complement was as- 
sayed using 1 ml of 1.25% sheep cells 
sensitized with 4 units of amboceptor in a 
total volume of 1.5 ml. Incubation was at 
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FIG. 1. Growth curves of vitamin-deficient rats. 


37°C for % hour and the endpoint estimated 
by visual comparison with standards repre- 
senting 0-100% lysis in 10% steps. Titers 
are expressed in 50% units per ml of serum. 
One such unit is the amount of complement 
necessary to lyse 50% of the cells present un- 
der the conditions of assay. Jn Vivo Deple- 
tion of Serum Complement. Depletion was 
accomplished by intraperitoneal injection of 
0.1 mg. Type III pneumococcal polysac- 
charide? followed 1 hour later by injection 
into a tail vein of a neutralizing amount of 
homologous rabbit antiserum. The general 
procedure followed was that of Seltzer e¢ al. 
(5). Three successive daily depletions were 
employed. At least 80% of the hemolytic ac- 
tivity was destroyed 1-3 hours after the final 
injection. Samples for the regeneration study 
were drawn 22 hours after the last injection. 
Previous experiments indicated that 22 hours 
was the optimal time to compare the rates of 
regeneration in the groups investigated. 
Results. Growth responses of the various 
groups are shown in Fig. 1. Serum comple- 
ment was determined after 8 weeks on experi- 
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ment with the exception of the PGA-deficient 
group and its controls where the assays were 
performed after 6 weeks. Serum complement 
titers of the individual rats are given in 
Table I. Wide variations within each group 
are apparent. A reduction in complement ac- 
tivity is noted, however, in the riboflavin- 
deficient animals and their inanition controls 
and in the pyridoxine-deficient animals. 

One week after the determination of the 
complement titer, serum complement was de- 
pleted in vivo and the extent of complement 
regeneration determined as described above. 
The results are given in Table IJ. The rates 
of serum complement regeneration were es- 
sentially the same in all groups. Similar re- 
sults were obtained in preliminary studies on 
biotin and PGA-deficient rats and in inanition 
controls. 

Discussion. The deleterious effect of a de- 
creased food intake per se upon the serum 
complement level has been clearly demon- 
strated in these experiments. The lowered 
complement titers of the riboflavin and pyri- 
doxine-deficient rats can be attributed to the 
state of inanition in these deficiencies. Com- 
parison of the growth curves (Fig. 1) and 
serum complement titers (Table I) reveals a 
parallelism between final complement titer 
and growth during the major part of the ex- 
periment. The acute depression of growth 
during the last 2-3 weeks in the biotin and 
PGA-deficient groups did not affect the com- 
plement level. It is probable that many of 
the controversial results obtained in studies 
of the relationship of nutritional factors to 
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TABLE I 


SERUM COMPLEMENT REGENERATION IN 
INDIVIDUAL VITAMIN DEFICIENT RATS” 


RIBOFLAVIN 


PYRIDOXINE 
DEFICIENT 


CONTROL 


PYRIDOXINE 


BIOTIN 
DEFICIENT 


CONTROL 


PGA 
CONTROL 


150 


50 % UNITS 


* Complement Levels Attained 22 Hours After Third Successive 
Daily Depletion. 


serum complement activity can be attributed 
to the failure to recognize this effect of in- 
anition. 

The serum complement values 22 hours 
after depletion are the same in both the con- 
trol and deficient rats (Table II). In the 
controls, complement continues to be regen- 
erated until the pre-depletion steady-state 
values shown in Table I are attained within 
48 hours following depletion. In contrast, lit- 
tle further regeneration occurs in the pyri- 
doxine and riboflavin-deficient groups. In 
these two groups the complement titers also 
return to their original steady-state values 
which are approximately one-half of the con- 
trol values. 

These studies were undertaken to gain an 
insight into the process of antibody synthesis 
and how it is affected in vitamin deficiencies. 
The results with complement reported in the 
present paper and previous studies on the lev- 
els and distribution of serum proteins in vita- 
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min deficiency states(3) have failed to show 
any specific effect upon serum protein or com- 
plement. In contrast, specific effects of cer- 
tain deficiencies on antibody formation have 
been demonstrated. It would, therefore, seem 
that the mechanism for the biosynthesis of 
antibody differs from that of serum protein 
and complement. 


Summary. 1. Serum complement titers 
were studied in pteroylglutamic acid, biotin, 
riboflavin and pyridoxine-deficient rats and 
their respective controls. A decreased level 
of complement was noted only in the pyridox- 
ine and riboflavin-deficient rats. This effect 
could be attributed to the concomitant state 
of inanition in these deficiencies. 2. The 
rates of serum complement regeneration in 
pyridoxine and riboflavin-deficient rats were 
similar to those of control animals. 
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A serious impediment to the study of the 
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virus of erythromyeloblastosis(1,2), as well 
as the agent or agents of other forms of the 
avian leukosis complex(3,4), has been the 
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lack of specific immune serums. Antiserums 
neutralizing and fixing complement with the 
agents of representative types of the complex, 
sarcoma 13 and erythroleukosis(5-7), for ex- 
ample, have been produced in rabbits with 
concentrates of the respective viruses. Such 
antiserums, however, fix complement also in 
the presence of homogenates of normal chick 
tissue and, consequently, the results of im- 
munological reactions with them cannot be 
employed as criteria specific to the properties 
of the virus. It has been reported occasion- 
ally(8,9) that neutralizing antibodies may oc- 
cur in chickens with erythromyeloblastosis 
but no means has been described for produc- 
tion of such antibodies by immunization pro- 
cedures. In recent work in this laboratory 
(10-11), the virus particles of one strain of 
erythromyeloblastosis have been concentrated 
and purified by the ultracentrifugal fractiona- 
tion of plasma from chicks with this disease. 
Injection of chickens with such concentrates 
treated with formalin augmented by repeated 
administration of highly infectious plasma 
results in the regular formation of antiviral 
immune bodies. These antibodies neutralize 
virus infectivity and precipitate the agent 
and the specific enzymatic activity to dephos- 
phorylate adenosine triphosphate(12-14) as- 
sociated with the virus. The results of studies 
with these antiserums are described in the 
present paper. 

Materials and methods. The virus was the 
B.A.I. Strain A of erythromyeloblastic leu- 
kosis described(1,2) in earlier reports. The 
agent is a particulate material(10) occurring 
in high concentration(12), of the order of 
10" particles per ml, in the plasmas of some 
chicks with the disease. Only those plasmas 
containing particles of this order of numbers 
were used either directly in the neutralization 
and precipitation studies or to provide the 
virus concentrates for precipitation tests. 
Donors of such plasmas were selected by pre- 
liminary estimation of enzyme activity to 
dephosphorylate adenosine triphosphate by 


means of the micro screening procedure(15, 


16). Blood was drawn from the heart into 
heparin, freed of cells by centrifugation, fil- 
tered with celite and passed through Selas 
candles in the usual way(1,12). The plasmas 
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were used within a few hours. The concen- 
trated virus for some of the experiments was 
obtained by ultracentrifugation as previously 
described(10). For the production of anti- 
viral immune serums in chickens, the virus 
was sedimented a single time and resuspended 
in Ringer solution in preparations concen- 
trated 10-fold with respect to the initial vol- 
ume of plasma. It was calculated, on the 
basis of particle count and density(11), that 
the plasmas contained about 1.5 mg of hy- 
drated virus per ml and the purified prepara- 
tions about 15 mg per ml of the agent in the 
same state. White Leghorn chickens of inbred 
line 15(17,18), about 3 months old, were in- 
jected intravenously 3 times within a week, 
each with 1.0 ml of concentrate which had 
been diluted 5-fold with Ringer solution and 
treated for 20 days at 3°C with formalin in 
0.1% total concentration. This dose corre- 
sponded to approximately 3 mg of hydrated 
virus. After an interval of 3 weeks, each 
chicken was given 1 ml of untreated plasma 
of high virus content. Two months later, 
when the chickens had shown no evidence of 
the disease, two further injections, with an 
interval of 3 days, were made each with 1.0 
ml of plasma. Blood was collected from the 
heart 10 to 16 days after the last injection. 
The resulting serum, freed of residual cells, 
was stored at —16°C and inactivated at 56°C 
for 30 minutes immediately before test. 
The neutralization experiments were made 
with constant volumes of plasma mixed with 
serial 2-fold dilutions of immune serum. To 
a volume of plasma, 0.5 to 2 ml, depending on 
virus content as estimated by ATPase activ- 
ity or particle count, there was added the ap- 
propriate amount of immune serum diluted 
with BSA-Simms’s solution(1) to bring the 
final volume to 5 ml. Each set of mixtures, 
together with a normal chicken serum con- 
trol, was incubated at 37°C for 2 hours. The 
mixtures were then cooled and kept in an ice 
bath until they were injected intravenously 
into 3-day-old White Leghorn chicks of line 
15 for measurement of infectivity(19). Po- 
tency ratios between the activity of the con- 
trol plasma preparations and that of the test 
mixtures with immune serum were determined 
with the latent period procedure(19). Pre- 
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TABLE I. Neutralization of Virus of Erythromyeloblastic Leukosis with Serum from a 
Chicken Hyperimmunized with the Virus. 


Median log 


. Virus ; No. Immune Chicks in- Chicks latent % virus 
Serum plasma* _ particlest serum * oculated{ positive period neutralized$ 
‘| r >< Ike nN days 

None 7 4.4 —— 27 18 1.155 == 

14 0.88 — 31 13 1.212 — 
Normal if 4.4 4.0 27, 19 1.145 0 
Immune 7 4.4 4.0 24 0 — Sy 

7 e 2.0 3 0 = >99 

ii Bt 1.0 29 0 — Sus 

7 0.5 29 1 Sigs} >99 

7 - 0.25 26 5 1.266 92 

a e 0.12 24 14 1.220 78 


* Vol/0.1 ml inoculum. 


chicks inoculated (see (1) for method of calculation). 


period relations(19). 


cipitation of virus with the chicken immune 
serum was observed as macroscopically visible 
flocculation. For these studies purified con- 
centrates like those described above were em- 
ployed in 0.1-ml volumes to which there were 
added 0.2 ml of 15% NaCl solution(20) and 
0.1 ml of serial 2-fold dilutions of the immune 
serum. These mixtures, in capped tubes, 
were incubated at 37°C for 2 hours and then 
kept overnight at 3°C. The character of the 
precipitin reaction occurring in mixtures of 
immune serum with plasma containing virus 
was followed also by electron microscopy. In 
this type study 0.1 ml of whole inactivated 
immune serum was diluted with 0.1 ml of 
15% NaCl solution and added to 0.1 ml of 
virus-containing plasma dialyzed overnight at 
3°C against 8% NaCl solution. The mixture 
was incubated at 37°C and, at suitable inter- 
vals, was sampled in 10 A volumes which were 
diluted, immediately, 200-fold with physio- 
logical saline solution. An aliquot of 1 ml 
was spun at 16,300 x g for 30 minutes to 
sediment the virus onto an agar surface(21). 
The virus material was fixed with osmic acid 
vapor while on the agar, stripped off the agar 
with a collodion film, and shadowed for elec- 
tron microscopy. 

The ATPase activity of the virus prepara- 
tions and of significant reaction mixtures was 
estimated by the determination of phosphorus 
with the method of Fiske and Subbarow(22). 
Enumeration of virus particles was made by 
the procedures(21) of sedimentation on an 


+ No. of virus particles/inoculum. 


t Corrected No. of 
§ Caleulated on basis of latent 


agar surface and counts of the particles in 
the electron microscope. 


Results. Neutralization: The findings in 
a typical neutralization test are summarized 
in Table I. It was evident from the last col- 
umn that the immune serum was strongly 
neutralizing. This was clearly indicated by 
the results of quantal response in terms of 
the incidence of positive inoculations, but ac- 
curate calculations of % virus neutralized 
could be made only on the basis of the latent 
period procedures(19). Though no response 
was obtained with the largest volumes of im- 
mune serum, the actual amount of virus neu- 
tralized could not be determined. The me- 
dian effective dose of virus in this experiment 
was 1.44 x 10° virus particles, and amounts 
of virus insufficient to initiate infection in 
these relatively highly resistant hosts may 
have escaped the action of the immune serum. 
Nevertheless, with the smallest volume of im- 
mune serum, the mixture behaved as if only 


TABLE II. Precipitation of Virus of Erythro- 
myeloblastie Leukosis with Serum of a Chicken 
Hyperimmunized with the Virus. 


Dilution of antigen 


Undil. 1:2 1:4 Is} USNS) 

Dilution of | ———No. of particles  10%°——, 

antibody iia 8.6 4.3 2.1 iil 
Undil. ++* +--+ ok ch 0 
LB ++ ++ + 0 0 
1:20 0 0 0 0 0 


* ++ — complete precipitation; - = < com- 
plete precipitation; + — trace of precipitate. 
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FIG. 1. Electron micrographs of virus of erythromyeloblastie leukosis precipitated from plasma 


with serum from chicken hyperimmunized with the virus (14,500). 
plasma containing 2.8 x 10" virus particles/ml. 


A. Control, filtered 
B. Same treated with immune serum for 1 


min. at 37°C. C. Same treated with immune serum for 3 min. at 37°C. 


22% of the virus was able to exert its infec- 
tious properties. 

Precipitation: In Table II are shown the 
results of a precipitation test with a purified 
virus concentrate. The virus concentrate in 
the initial mixture, containing 17.1 x 101° 
virus particles (per 0.4 ml total volume), was 


strongly opalescent, and the highest dilution 
showing precipitation was still visibly turbid. 
With complete precipitation, the supernatant 
fluid, after centrifugation of the reaction mix- 
ture at 900 x g for 10 minutes, was entirely 
clear. 


Electron micrographs of the virus particles 
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TABLE III. Distribution of Particles and ATPase Activity of the Virus of Erythromyelo- 
blastie Leukosis in the Supernatant and Precipitate Obtained on Treatment of Virus-Containing 
Filtered Plasma with the Serum from a Chicken Hyperimmunized with the Virus. 


Supernatant— ~ Precipitate——_\ 
ae %o %o 
Serum Particle* % ATPase* ATPase ATPase* ATPase 
dilution count particles activity activity activity activity 
SE y P/min. y P/min. 
Control 6.13 100 71.5 100 — == 
Undil. 0.36 6 4.9 7 69.2 97 
1:2 2.27 37 32.5 45 28.0 39 
1:4 6.18 101 78.2 0.5 0.7 


109 


* Per ml final mixture of plasma and immune serum. 


in plasma treated with immune serum are 
shown in Fig. 1. In Fig. 1A the particles ap- 
pear as they occurred in the control untreated 
filtered plasma. The concentration of the 
plasma was the same as that in the test mix- 
tures, and the content of virus particles was 
2.8 x 10'' per ml. A picture of the particles 
of the plasma exposed to the immune serum 
for 1 minute, Fig. 1B, reveals the beginning 
formation of small clumps. A sample of the 
same mixture taken after a total of 3 min- 
utes showed, in Fig. 1C, the large coherent 
masses constituted, obviously, of the particles 
seen in the electron micrograph of Fig. 1A. 
More lengthy action of the immune serum re- 
sulted in progressively larger agglomerates of 
the particles. 

Precipitation of ATPase Activity: As indi- 
cated above, investigation has revealed(12- 
14) an intimate association with the virus 
particles of the enzymatic activity to dephos- 
phorylate adenosine triphosphate. It was of 
interest to determine the relationship of the 
enzyme activity to the virus particles spe- 
cifically precipitated with the chicken immune 
serum. The results of an experiment for this 
purpose are summarized in Table III. A 
series of mixtures of dialyzed virus plasma 
was made with 3 different amounts of immune 
serum as indicated. The control plasma with 
no immune serum and of the same volume 
and salt concentration as the test mixtures 
contained a total of 6.13 x 10" virus particles. 
Counts could be made only on the particles 
remaining in the supernatant fluids after pre- 
cipitation since the clumped virus could not 
be redispersed. This, however, did not pre- 
vent measurement of the ATPase activity of 


the virus in the sedimented precipitates after 
2 washings with physiological saline solution. 
It is seen that the particles and ATPase ac- 
tivity remaining in the supernatant fluids 
were quantitatively proportional. Further- 
more, in each mixture the sum of the ATPase 
activity of the supernatant fluid with that of 
the precipitate was identical, within experi- 
mental limits, with the activity of the control 
preparation. 

Discussion. The results of the experiments 
demonstrate clearly the capacity of the 
chicken to respond immunologically to the 
virus of erythromyeloblastic leukosis by the 
production, contrary to earlier thought(23), 
of typical antiviral humoral antibodies which 
neutralize and precipitate the agent. As a 
consequence it is evident that the properties 
of the virus as an antigen do not differ in 
principle from those of other filterable agents. 
The response is readily and consistently stim- 
ulated by a simple sequence of injections of 
virus-containing material. It is probable that 
previous difficulties(24,25) in the induction 
of these immune bodies in the chicken have 
been dependent for the most part on the lack 
of sufficient virus in the doses employed. The 
virus content of the plasmas from diseased 
chicks varies through at least a 1,000-fold 
(12,14), and probably much wider, range. 
Only a few fully diseased chicks, not more 
than 5 to 10%, provide plasma containing 
virus particles of the order of 10" to 10’/ml, 
and only these are useful in the immunizing 
procedure. Such birds were selected in the 
present work from large numbers with the 
disease by micro tests of ATPase activity, 
without which consistent results would have 
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been highly improbable. It is likely, also, 
that the infrequent occurrence(24,25) of neu- 
tralizing antibodies in the natural disease is 
related to small amounts of extracellular virus 
available to the site of antibody formation. 
Most diseased chicks of high plasma-virus 
content die quickly, and it would appear that 
many of those experiencing retrogression fail 
to develop the physical amounts of the agent 
significant for antibody induction. This does 
not mean that experience with the virus does 
not result in the consistent induction of ac- 
quired resistance; the opposite is true(19), 
though the basis for much of it must be one 
unrelated to circulating antibodies(25). 
Quantitative measurement of the neutralizing 
capacity of the immune serum is greatly de- 
pendent not only on an accurate method for 
virus titration but on an optimum balance be- 
tween virus and immune serum. The sensi- 
tivity of the precipitin reaction was enhanced 
to practical levels by the use of salt solution 
in high concentration(20). 

The experiments provide the final specific 
evidence needed to identify, unequivocally, 
the particulate material as the virus and as 
the bearer of the enzyme dephosphorylating 
adenosine triphosphate and, as recently ob- 
served(26), inosine triphosphate. The elec- 
tron micrographs of Fig. 1 are particularly in- 
formative in revealing the characteristic par- 
ticles as the sole particulate material consti- 
tuting the precipitated agglomerates. It is 
still not possible to employ the findings in 
the resolution of the ultimate question of 
whether the enzyme is an intrinsic constitu- 
ent of the virus or simply adsorbed on the 
particle. Nevertheless, it is certain that, for 
practical purposes, the relation of the en- 
zyme to the particles appears no less specific 
than that of the property of infectivity. In 
its response to the precipitative action of the 
immune serum, without significant inhibition 
or neutralization of its activity, the ATPase 
does not differ from many other enzymes(27). 
A difference is seen, however, from the mu- 
cinase(28) of the influenza(29,30) and other 
hemagglutinative viruses which is neutralized 
by specific immune serums(31). It should 
be remembered that the ATPase of the virus 
of erythromyeloblastic leukosis is but a part 
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of a relatively large particulate entity of 
which components other than the enzyme 
may constitute the principal, if not the en- 
tire, antigenic material of the particle. Thus, 
while the enzyme is precipitated inseparably 
along with the virus, there is no direct evi- 
dence of specific involvement of the enzyme 
moiety in the immunological reaction. 


A most significant consideration is that 
concerned with the value of these specific 
chicken antiserums in further studies on the 
virus of erythromyeloblastic leukosis and its 
antigenic relationships to the agents of other 
forms of the leukosis complex. In addition, 
the behavior of this tumor virus is indicative 
of the possibility of similar findings with the 
other analogous agents or agent-variants un- 
der suitable conditions. 


Summary. Chickens have been hyperim- 
munized with formolized concentrates of the 
virus of avian erythromyeloblastic leukosis 
together with the untreated plasma of dis- 
eased birds containing the agent in high con- 
centration. The resulting immune serums 
strongly neutralized the infectious properties 
of the virus and precipitated the characteristic 
virus particles as observed macroscopically 
and corroborated by electron micrographs of 
the precipitates. Precipitation of the virus 
particles was associated with proportional 
precipitation of the enzyme activity of the 
virus to dephosphorylate adenosine triphos- 
phate. The findings constitute the critical 
specific criterion needed to establish the par- 
ticles as the virus and the enzyme as a com- 
ponent inseparable, by all methods yet tried, 
from these virus particles. 
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Does Monozol® Stimulate Elaboration of Pituitary Gonadotrophin ?* (21531) 


G. A. WincH, G. S. GorpAN, M. B. GLENDENING, AND L. A. Morrison. 


From Departments of Medicine and Obstetrics and Gynecology, University of California School of 
Medicine, San Francisco, Calif. 


The monobenzyl ether of diethylstilbestrol 
(Monozol)® has been suggested as a stimu- 
lator of pituitary gonadotrophic activity in 
man(1). 

We administered Monozol in doses of 1.5- 
6.0 mg/day to 8 patients with proved defi- 
ciency of gonadotrophin. Assays for pitui- 
tary gonadotrophin in the urine were negative 
at 5 mouse uterine units(2) per 24 hours be- 
fore treatment in each case (Table I). 

The only clinical manifestations during 
treatment were estrogenic effects. Vaginal 
cornification occurred in all of the women. 
The 2 men showed mild gynecomastia and hy- 
perpigmentation of the nipples and areolae. 


* Aided by grants from G. D. Searle & Co., the 
Christine Breon Fund allocated by Committee on 
Research of the University of California School of 
Medicine. 


There was no evidence of androgenic activity 
(erections, libido, growth of genitalia or 
growth of facial or body hair), which would 
be expected had there been stimulation of 
pituitary gonadotrophic activity. 

The gonadotrophic fraction of the urine 
was concentrated by adsorption to kaolin. 
Initially the eluates were injected into mice 
for assay without further treatment(3). The 
eluates obtained from the urine of the pa- 
tients during treatment with Monozol caused 
enlargement of the uterus of intact immature 
mice. While the uterine response could have 
been consistent with a gonadotrophic effect, 
the complete lack of clinical evidence for 
pituitary stimulation suggested that the uter- 
ine stimulation might be due to estrogenic 
contaminants. To test this point we injected 
into ovariectomized mice the eluates which 
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| had stimulated uterine growth in intact mice 
(5 eluates from the urine of 4 patients). 
Four of the specimens produced uterine en- 
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CHARLES M. GRUBER, JR. 


From Lilly Laboratory for Clinical Research, Indianapolis, Ind. 


The effect of nalorphine upon toxicity of 
morphine has been reported recently(1). 
This report states that in mice, nalorphine 
produced observable protection against cer- 
tain doses of morphine. As the dose of mor- 
phine increased the optimum dose of nalor- 
phine decreased. As the dose of nalorphine 
increased above this optimum, additive tox- 
icity developed. In the range of doses pro- 
ducing this additive toxicity, nalorphine and 
morphine were equally toxic. Apparently 
levallorphan is similar in action to nalorphine. 
It neutralizes many actions of morphine (i.e., 
inhibition of respiration, analgesis, inhibition 
of dilatation reflex of guinea pig’s small in- 
testine, and cerebral excitement in cats) (2). 
These authors were unable to demonstrate 
protection against morphine in mice and rab- 
bits upon administration of levallorphan. 

The present experiments were designed to 
demonstrate such an antagonism in mice, to 
determine the optimum protective dose, and 
to examine the combined toxicity of levallor- 
phan and morphine. 


Method. Six hundred and twenty, stand- 
ard, albino mice were used. Ten males and 10 
females were selected at random for each dose 
combination of morphine sulfate and/or leval- 
lorphan tartrate. Animals were weighed to 
the nearest 0.5 g. The weights of males 
ranged from 16 to 22 g (mean weight of 19 g) 
and of females 17 to 24 g (mean weight 21 g). 
Dilutions of drugs were prepared in 0.9% 
sodium chloride solution so that the volume 
administered was 0.5 ml/20 g of mouse- 
weight. The drugs were given together under 
the skin of the back just to one side of mid- 
line. The doses of morphine and/or leval- 
lorphan are presented in Fig. 1. 


Results. Fromherz and Pellmont(2) state 


# Levallorphan (3 - hydroxy - N - allymorphinan, 
Hoffmann-LaRoche) was supplied by Hoffmann-La- 
Roche Co. I wish to thank this company for their 


generosity. 
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FIG. 1. No. of deaths in each group of 20 mice 

is plotted against doses of morphine. Curyes indi- 

cate changes developing at fixed doses of leval- 
lorphan. 


that in mice morphine antagonists do not af- 
fect the lethal doses of morphine. Both pre- 
vious work with nalorphine(1) and these re- 
sults indicate that a definite protection is pro- 
duced by either of these drugs. The antag- 
onism produced by levallorphan, except for 
quantitative differences, appears identical to 
that produced by nalorphine. In each case 
the mixtures even in lethal quantities were 
less apt to produce the Straub tail response 
and convulsions than were the larger doses of 
morphine alone. This quieting effect was ap- 
parently more marked with levallorphan than 
with nalorphine. 


In Fig. 1, % of deaths is plotted against 
doses of morphine sulfate. Curves represent 
combined data from the 2 sexes at different 
dose levels of levallorphan. Sigmoid type 
curves are suggested. As the dose of leval- 
lorphan is gradually increased, the curves 
shift first to the right and later to the left and 
upward. The shift to the right indicates an 
increasing resistance to morphine (or protec- 
tion), while the shift upwards indicates tox- 
icity to levallorphan. 


At fixed doses of morphine, the relationship 
between dose of levallorphan and number of 
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FIG. 2. No. of deaths in each group of 20 mice 

is plotted against doses of levallorphan. Curves 

represent changes occurring at fixed doses of mor- 
phine sulfate. 


deaths may be observed (Fig. 2). Sigmoid 
curves were not obtained. The curves appear 
to have 2 components. The first represents 
protection by levallorphan against morphine. 
The second apparently represents the com- 
bined toxicity of morphine and levallorphan. 
The degree of protection produced by leval- 
lorphan was not directly proportional to the 
dose but decreased in intensity with each suc- 
ceeding increment in levallorphan dosage. 
Eventually a point of maximum protection 
was reached beyond which toxicity was in- 
creased by increasing the dose of levallorphan. 

In these mice, a dose of 50 mg of levallor- 
phan/kg appears to have produced maximum 
protection against all doses of morphine. The 
previous report(1) states, “As the dose of 
morphine increased, the amount of N-allyl- 
normorphine which could be given before this 
maximum was reached became less and less.” 
This may be a true difference between nalor- 
phine and levallorphan. It is more likely, 
however, that the difference lies in the experi- 
mental technic. If more gradual increases in 
the dose of levallorphan had been made, an 
inverse relationship between the dose of mor- 
phine and the dose of levallorphan producing 
maximum protection when given in combina- 
tion might have been observed. 

An equation for levallorphan-morphine 
combined toxicity was developed which is 
similar to the one presented in the previous 
paper(1). This equation states that Tc = 


vs. MORPHINE 


323 (L) + 46.5 (M) — 90, where Tc is the 
combined toxicity (% of mice expected to 
die), (L) is the millimoles of levallorphan/ 
kg, and (M) is the millimoles of morphine/ 
ke. A test for the goodness of fit for this 
equation to the original data (Chi square) in- 
dicated that the equation is a good charac- 
terization of the results(3). This equation 
suggests that levallorphan is 7 times as toxic 
as morphine (on a molar basis) when the 2 
drugs are given together. In a similar experi- 
ment(1) nalorphine and morphine were 
equally toxic. In comparing the 2 experi- 
ments, levallorphan is obviously more potent 
than nalorphine in antagonizing the lethal ef- 
fects of morphine in mice. It is probable that 
the potency and toxicity were parallel for 
these 2 drugs when given with morphine. 


The LD; 9’s for morphine at various concen- 
trations of levallorphan were determined by 
the method of Litchfield and Wilcoxon(4). A 
summary of these findings is presented in 
Table I. The lines used to determine the 


TABLE I. LD,’s of Morphine Sulfate in mg/kg 

when Dose of Levallorphan in mg/kg Is Altered. 

Determinations were made by method of Litchfield 
and Wilcoxon(4). 


Levallorphan LD. Teale, Ss SE IGIDE. 
M0 300 3) 2.20 1.27 
Bll 620 1.13 1.42 1.02 
6.25 750 1.45 LEO 1.36 
NEES 682 1.43 1.50 1.30 
25 760 132 2.14 1.50 
50 1000 Thealiyy 1.56 1.27 
100 52 147 1.98 M27 
200 58 2.40 2.80 2.90 


LDs50’s showed no significant heterogeneity 
when examined by the Chi square test as 
recommended by these authors. Intercom- 
parison shows only 2 of the lines to have sig- 
nificantly different slopes. 


Conclusions. 1. Levallorphan when given 
to mice produces observable protection 
against certain doses of morphine. 2. As the 
dose of levallorphan is increased an optimum 
dose is reached. If given in doses larger than 
this optimum dose, an additive toxic effect 
between levallorphan and morphine occurs. 
3. In the range of additive toxicity levallor- 
phan is approximately 7 times as toxic as 
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morphine on a molecular basis. 
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Effect of Thyroid - Testosterone 
(21533) 


JosrepH C. MUHLER AND WILLIAM G. SHAFER. 


From Indiana University, Department of Chemistry and School of Dentistry Bloomington and 
Indianapolis, Ind. 


Desiccated thyroid added to the dry diet 
has been shown in a previous report(1) to re- 
duce significantly the incidence of dental 
caries in rats receiving a cariogenic diet, while 
a significant increase in the dental caries ex- 
perience was found when thiouracil was added 
to the diet. These data suggest that the ac- 
tivity of the thyroid gland may be related to 
the incidence of dental caries in rats. In 
speculating as to a possible mechanism by 
which such a cariogenic effect could be pro- 
duced, one is impressed with the relationship 
between the salivary glands and dental caries 
as well as with the fact that testosterone in- 
creases the secretory activity of the thyroid 
gland(2). Previous work has shown a rela- 
tionship between the gonads and the submax- 
illary gland(3-5), and since experiments in 
our laboratories have suggested a relationship 
between the histologic structure of the sub- 
maxillary gland and the dental caries experi- 
ence(6) it seemed plausible that the effect of 
the thyroid on the teeth may be mediated 
through the salivary gland. 

Since testosterone has been shown to in- 
crease the secretory activity of the thyroid 
gland, and due to the work of Grad and Le- 
bond who have demonstrated the relationship 
between the thyroid and the submaxillary 
glands(7), it became of interest to determine 
if a synergism between testosterone and desic- 
cated thyroid would result in a greater in- 


creased anti-cariogenic effect in rats than pro- 
duced by desiccated thyroid alone. 

Materials and methods. A total of 225 
weanling Sprague-Dawley strain rats were di- 
vided according to initial body weight into 6 
experimental groups with each composed of 
equal numbers of males and females. One 
group received desiccated thyroid in the diet 
(in increasing amounts from 10 to 20 mg/day 
calculated by food consumption and depend- 
ing upon the growth of the animal) and an- 
other received the same amount of desiccated 
thyroid plus testosteronet (aqueous suspen- 
sion 2.5 mg per week per animal injected in- 
tramuscularly). Eight weeks after the initia- 
tion of the experiment, the dose of testoster- 
one was reduced to 1.25 mg for 5 weeks and 
then restored to the original amount for the 
remainder of the experiment). A third group 
received propyl thiouracil (0.1% in the diet), 
while a fourth group received the thiouracil 
diet plus testosterone at the same level as re- 
ceived by the thyroid-testosterone animals. A 
fifth group received testosterone alone and a 
sixth group received neither testosterone, thy- 
roid nor thiouracil and served as controls. All 
of the animals were housed in raised screen 
cages and received the same cariogenic stock 
corn diet (Fluorine = 0.5 pg/g) and fluor- 
ine-low (F = 0.5 pwg/ml) drinking water. 
The duration of the experiment was 126 days, 
after which time the animals were sacrificed 


* This investigation supported in part by Medical 
Research and Development Board, Office of Surgeon 
General, Department of Army. 


+The authors wish to’ thank Schering Corp., 
Bloomfield, N. J. for generously supplying the tes- 
tosterone (Oreton-F). 
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TABLE I. Comparison of Dental Caries in Rats Receiving Desiccated Thyroid, Thiouracil or Testos- 
terone. 


Dental caries 


Skeletal analysis 
(ashed femur ) 


No.of Finalwt No.of Proba- : Feone. Total F 
Group Sex rats (g) lesions % difference bility Wt(g) (ppm) (mg) 
Thyroid ie Ss lesa oe ae 3038 59.5 —-«.0183 
eee G 18 190 5.8 =(opuace us 9201: 83) Odes 
Thyroid + test. 14 319 3.7 Sel é 2791 71.8 .0187 
ere 3 18 205 Age | gone, oe '2873 53.8 0148 
Thiouracil é 19 180 8.9 Se .2127 79.6 0173 
o: 4 45 145 9.0 Koes Sle 1501. 784 9 0117 
Thiouracil + test. & 16 199 9.2 34 fa : .2291 65.1 .0148 
qe, 248 167 9.1 ioe We 1976 52.6 ~—-.0128 
Testosterone ‘a 15 291 7.4 14 3 19 .3063 59.4 .0183 
Q ws 233 6.7 = : 2732 68.0 .0185 
Control g Ike 335 6.2 — 3191 57.1 .0175 
Q 15 211 lees — 2401 65.1 .0158 

* Based on differences between mean No. of lesions (sexes combined) in the 6 groups, not per- 


centage differences. 


by chloroform anaesthesia, the heads removed 
for dental caries evaluation by methods pre- 
viously described(8), and the salivary glands, 
thyroid glands and other organs fixed for his- 
tologic study. The femurs were also removed 
for fluorine analysis. 

Results. The results of these experiments 
are seen in Table I, and corroborate the pre- 
vious observation(1) that desiccated thyroid 
reduces the incidence of dental caries in rats 
while thiouracil increases the caries incidence 
when compared to control rats receiving nei- 
ther thyroid nor thiouracil. In addition, these 
data clearly indicate that testosterone in- 
creases the anti-cariogenic effect of desiccated 
thyroid, while testosterone itself is without 
effect on the incidence of dental caries. 

The histologic features of the thyroid 
glands of animals receiving thiouracil and 
desiccated thyroid were characteristic. The 
thyroids of the former groups were grossly en- 
larged and exhibited extreme hyperplasia of 
the thyroid epithelium with nearly complete 
absence of colloid. The latter groups of ani- 
mals exhibited thyroids which were very 
slightly enlarged grossly. This appeared to 
be due to the accumulation of colloid with 
simple distention of the gland. The lining 
epithelial cells were extremely flattened in- 
dicative of their inactive state. 

The amount of fluorine stored in the skele- 
ton as evaluated by the femur-fluorine levels 
indicates that none of the supplements sig- 


nificantly affected the storage of fluorine. 
Discussion. The relationship between the 
activity of the thyroid gland and the inci- 
dence of dental caries in rats has been con- 
firmed and extended. These data obtained in 
this study indicate that administration of 
desiccated thyroid is associated with a reduc- 
tion in dental caries while a decreased activity 
of the gland induced by administration of 
thiouracil results in a marked increase in the 
dental caries experience. It is an inviting 
hypothesis to suggest that this effect is medi- 
ated through subsequent changes in the func- 
tion of the salivary glands. These conclusions 
are interesting in light of the work of Grad 
and LeBlond(7) who report that the admin- 
istration of thyroxine and testosterone to con- 
trol rats with testes and thyroid gland extir- 
pation, restores to normal the size, granule 
content and number of cells of the serous tu- 
bule in the submaxillary gland. Furthermore, 
these same authors report a diminution in the 
size of the average diameter of the serous 
tubules of the rat submaxillary gland follow- 
ing thyroidectomy. The evidence of a 
synergism between this androgen and desic- 
cated thyroid corroborates the previously 
published work of Burris e¢ al.(2) who dem- 
onstrated histologically an increased activity 
of the thyroid gland under such experimental 
conditions. The observation that testosterone 
itself does not effect the incidence of dental 
caries corroborates previous work from these 
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laboratories(9). However, one might pre- 
dict from the work of Burris ef al.(2) that 
this androgen would in itself reduce the inci- 
dence of dental caries if its effect is to increase 
the ,activity of the thyroid gland and if the 
thyroid gland is directly related to caries ac- 
tivity. Since our experience indicates that 
-testosterone does not alter the dental caries 
experience but testosterone-thyroid supple- 
mentation does, it may well be that testoster- 
one itself does not significantly modify the 
function of the salivary gland, but requires a 
synergistic agent such as the thyroid hormone 
in order to maintain the physiological func- 
tion of the salivary gland throughout the ex- 
periment. 

Summary. Activity of the thyroid gland 
appears to be related to incidence of dental 
caries in the rat. These conclusions are based 
upon experimental observations that admin- 
istration of desiccated thyroid reduces dental 
caries and thiouracil increases it. This cario- 
genic effect might be related to subsequent 
function of salivary glands, since it has been 
shown that when desiccated thyroid and tes- 
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tosterone were administered together it in- 
creases to a greater degree the anti-cariogenic 
effect of desiccated thyroid. This fact is in 
keeping with the observation that testosterone 
increases activity of the thyroid gland and 
that the thyroid gland is related to the func- 
tion of the submaxillary gland. 
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Ffficacy of 9 Alpha-halo Adrenal Steroids for Maintenance of Adrenalecto- 


mized Dogs.* 


(21534) 


W. W. SwINctLe, C. Baker, M. EIsrer, S. J. LEBRIE, AND L. J. BRANNICK. 


From Biological Laboratory, Princeton University, Princeton, N. J. 


Fried and Sabo(1,2,2a) first reported on the 
greatly enhanced glucocorticoid activity of 
corticosteroids in which the 9 a-hydrogen 
atom is replaced by halogen and their initial 
findings have recently been confirmed and ex- 
- tended. Through the courtesy of Dr. Fried, 
of the Squibb Institute for Medical Research, 
New Brunswick, New Jersey, sufficient of the 
fluoro-F-acetate, chloro-F-acetate and fluoro- 
corticosterone acetate were obtained for test- 
ing their life maintenance potency and miner- 
alocorticoid activity on adrenalectomized 
dogs. 


* Acknowledgement is made to Sharp and Dohme 
Division of Merck & Co. and the National Science 
Foundation for financial support of this investigation. 


Methods. The animals had been adrenal- 
ectomized for periods ranging from 2-5 years 
and during this interval were subjected to 
numerous bouts of insufficiency and recovery 
on adrenal steroid therapy. In the interim 
between experiments they were maintained on 
0.5 mg DCA in oil injected im. once daily. 
The diet was rigidly controlled and the daily 
amount of Na and K allowed each dog, in- 
cluding that in the food and drinking water, 
totaled 1.47 and 0.94 g respectively. The 
compounds tested were solubilized in 95% 
alcohol then diluted to 10-15% and adminis- 
tered s.c. in divided doses twice daily at 9 
a.m. and 5 p.m. The dose was reduced by 
50% at the end of each 10 day interval and 
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TABLE I. Maintenance of Adrenalectomized Dogs with 9 a-Halo Adrenal Steroids. Fee 
Dose Exp. Blood Blood Serum Serum Serum 
Dog dog/day, period, B.P., ureaN, Hb, Hmet., R.B.C. sugar, Na, Cl, 1G 
No. wg days Wt,kg mmHg mg% g% % 10°/mm* mg % m.Eq./1 m.Eq./1 m.Hq./1 
? ia 9 q-Chlorohydrocortisone acetate 
1 Initial 16.56 110 23.3) La 320 5.42 90 144.0 116.0 4.79 
110.00 10 16.56 100 23.1 11.94 34.9 6.79 87 142.0 111.1 4.71 
55.00 10 16.44 102 25.0) PZ S58 7.07 84 145.0 111.4 5.28 
27.50 10 15.76 83 45.4 19.24 41.5 7.21 82 134.5 107.0 7.78 
3.75 8 15,65 66 87.0 20.14 45.6 7.42 83 133.055 eL0820 9.94 
9 a-Fluorohydrocortisone acetate 
2 Initial 14.74 108 1573) 1100) 32.2 6.05 81 144.5 112.8 4.49 
110.00 10 14.62 110 18.4 11.10 32.7 5.96 83 144.0 112.8 4.46 
55.00 10 14.85 109 iyi) alalesf8) B10) 6.19 84 145.0 114.0 4.64 
27.50 10 14.51 105 WO ae aah 6.55 80 140.0 108.6 4.71 
1375 10 14.51 91 22.2 15.60 38.6 7.61 80 137.0 106.0 5.30 
6.87 9 14.85 70 33. 15.48. 6 41:9 7.76 81 120.5 96.8 HMMs 
9 a-Fluorocorticosterone acetate 
3 Initial 14.74 98 1316 22 ee oe 5.30 73.0: 144.5 115.5 4,54 
110.00 10 14.74 110 18.2 11.94 34.0 5.20 81.5 148.5 119.2 3.90 
55.00 10 14.85 96 iss: AIPA PAS) sale) 4.80 72.5 146.0-. 116.0 4.16 
27.50 10 14.51 104 25.6) WZ. 2986 4.61 82.00 el 2 eel: 4.79 
13.75 10 14.51 99 Belk aiPyel Bhilai 5.44 76.5 150.5 115.5 4.81 
6.85 10 13.95 99 PSOE = LSI i7/ell 4.23 81.5 149.0 112.8 5.61 
3.42 10 14.29 64 27.8 14.55 35.5 6.17 (320) S00 LO2es 6.34 
Italicized dosages are minimum maintenance dosages. 


samples taken for blood chemical determina- 
tions. The minimum maintenance dose 
(M MD) was considered to be the daily 
amount required to keep the animals symp- 
tom-free and the blood constituents and blood 
pressure, little, if any changed from the nor- 
mal or initial values. Tests for the fluoro-F- 
acetate and chloro-F-acetate generally re- 
quired 30-50 days for completion, whereas the 


cal example are presented in Table I, dog 1. 
2. 9 Alpha Fluorohydrocortisone Acetate. 
This compound according to brief reports 
which have appeared, is said to be much more 
potent than DCA and cortisone with respect 
to both salt retaining and glycogen deposition 
activity when used on either experimental 
animals(2,4,6), or the Addisonian patient(6). 
The present experiments confirm these reports 


fluorocorticosterone acetate necessitated 60 
days before marked signs of adrenal insuf- 
ficiency appeared. The methods employed 
for the various determinations have been re- 
peatedly referred to in earlier communications 
and hence are omitted here. 

Results. 1. 9 Alpha Chlorohydrocortisone 
Acetate. This material has been tested on 
rats(3,4,5), dogs and Addisonians(6,7) and 
shown to possess both mineralo and gluco- 
corticoid activity in high degree. The ex- 
periments recorded here were conducted on 
5 adrenalectomized dogs; the MMD was 55- 
110 pg/dog/day since 2 animals were main- 
tained on 55 and 3 on 110 ng. The dose upon 
which the dogs developed unmistakable symp- 
toms of insufficiency was considerably less 
than the MMD and varied between 13.75 and 
55 pg/day. The pertinent data for one typi- 


and present in detail the alterations in blood 
pressure and blood constituents accompany- 
ing its use in 3 dogs. The essential data ob- 
tained from study of a representative case are 
given in Table I, dog 2. 

The MMD for the 3 animals was 27.5 pg/ 
dog/day. Although lower doses, e.g., 13.75 
and in 2 cases 6.87 »g/day proved capable of 
sustaining the animals, they were inadequate 
to prevent the appearance of the initial signs 
of impending adrenal failure. The early in- 
dications of adrenal insufficiency in the dogs 
receiving these 9 Alpha-halo derivatives of 
hydrocortisone are: (1) a decline in the mean 
arterial pressure; (2) a rise in blood urea 
nitrogen; and (3) elevation of the serum K. 
Not all of these changes may occur simul- 
taneously nor are they invariably accom- 
panied by alterations in the serum Na and Cl 
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TABLE IT. Effect of 3 mg/kg/Day of 9 g-Fluoro- 
F upon Water and Electrolyte Excretion. 


Avg Avg 

Exp. Urine electrolytes, urine water 

period, avg m.Hq./24 hr vol, intake, 

Wt,ke days Na Cl K_ ee/day ee/day 
16.27 1- 6 47.7 53.1 16.5 248 375 
16.33 T-138* 30.2 33.38 21.2 628 881 
15.65 14-20" 80:6 83.7 27.1 4786 4865 
aS) S55 83:4 92-6 J1.0) 22905) 2310 
14.21 26-30 54.8 57.4 16.8 286 442 


* 9 a-Fluoro-F administered orally. 


when the test material possesses marked Na- 
retaining properties. One animal in the group 
suddenly collapsed and died before restorative 
measures could be instituted. This dog was 
receiving 6.87 yg of fluoro-F-acetate and but 
a few hours previous to death had shown no 
gross symptoms. However, the blood pres- 
sure had declined from 120 to 97 mm Hg and 
the serum K was 6.98 m-eq/l. It was consid- 
ered not unlikely that death was due to a 
rapidly developing K intoxication, although 
no actual determinations for this cation were 
made. The results of the tests showed that 
the fluoro-F-acetate was definitely more po- 
tent for maintaining normal health and vigor 
in adrenalectomized dogs than was the chloro- 
F-acetate. The MMD for the latter com- 
pound was considerably higher. 


Enough of the fluoro-F-acetate was avail- 
able to study the effects induced by overdos- 
age in adrenalectomized dogs. Prolonged 
dosage with large amounts of cortisone in- 
duces a diabetes-insipidus-like syndrome in 
both rats and dogs(10,11,12). Likewise oral 
administration of 3 mg/kg/day of the free 
alcohol of the fluoro compound for 14 days 
also exerts a profound effect upon water in- 
take and output. The maximum urine vol- 
ume obtained for any one 24 hour period was 
7125 cc in one of the 2 animals studied, and 
4140 cc for the other dog. Marked edema of 
the hind limbs and scrotum also developed in 
one, but both animals exhibited attacks of 
muscle tremors resembling tetany which 
seemed to be associated with low values for 
serum K. The edema and tetany-like symp- 
toms disappeared shortly after discontinuing 
steroid administration. However, after stop- 
ping the injections it required 9-10 days for 
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the abnormal diuresis to subside. This is a 
brief period compared to the 40 days required 
for complete restoration of the water balance 
to normal following parenteral use of corti- 
sone acetate suspensions. Table II shows 
data obtained from one representative dog. 

3. 9 Alpha Fluorocorticosterone Acetate. 
Only a small amount of this steroid was avail- 
able but owing to the extreme potency of the 
material it was sufficient for testing 4 dogs. 
The results in all four cases were closely simi- 
lar and clearly indicated that the compound 
was the most potent of the 9 alpha-halo corti- 
costeroids reported to date. The MMD was 
found to vary between 6.5 and 13.75 »g/dog/ 
day. However, the daily dose at which symp- 
toms of insufficiency appeared was 3.42 ug. 
These dose levels are practically identical 
with those recorded in earlier communication 
from this laboratory(8,9) both for the MMD 
and the failing dose of aldosterone. The data 
are presented in Table I (dog 3) and it should 
be noted that the serum electrolytes did not 
alter appreciably until the daily dose of fluor- 
ocorticosterone was reduced to 3.42 pg. Sixty 
days were necessary for completion of the 
tests owing to the potency of the compound 
with resulting slow attainment of the MMD 
and appearance of obvious symptoms of insuf- 
ficiency. 

Discussion. The data illustrate a fact 
which has been commented upon in earlier 
studies(13) viz., that slow reduction in dosage 
of certain potent Na-retaining steroids over 
intervals of 30-50 days may lead to accumula- 
tion of K in the serum sufficient to precipitate 
severe cardiac episodes and collapse. Thus it 
seems probable that in low dosage renal elim- 
ination of K is much less rigidly controlled by 
adrenal steroids than is the Na. 

The MMD of aldosterone for the long term 
adrenalectomized dog was found to vary be- 
tween 6.25 and 12.5 wg whereas the minimum 
requirement for DOC was 125-250 p»g(8,9). 
According to these data fluorocorticosterone is 
practically equivalent in potency to aldoster- 
one and hence approximately 20 times more 
potent that DOC in its ability to keep the 
animals symptom-free. The fluoro-F-acetate 
is also much more potent than DOC but has 
only about one-fourth to one-half the activity 
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TABLE III. Comparative Activity of Adrenal 

Steroids on Life Maintenance of Adrenalectomized 

Dogs. 
Activity 
Compound (GDLOXC; Se 1b) 

DOC i 
Aldosterone 20 
Hydrocortisone .025-.05 
Cortisone 025-.05 


Chloro-F acetate 2 
Fluoro-F acetate 4.54-9, 
Fluorocorticosterone acetate 18.: 


of aldosterone. Chloro-F-acetate although 
about 2.27 times more active than DOC, ex- 
hibits about one-ninth the potency of aldos- 
terone. Table III shows the relative poten- 
cies of the various steroids as obtained from 
these studies on the long term adrenalecto- 
mized dog. 

Summary. The 9 alpha-halo derivatives of 
adrenal steroids are highly potent compounds 
and are capable of maintaining the adrenal- 
ectomized dog free from all signs and symp- 
toms of insufficiency at very low doses. 
Fluorocorticosterone was the most active com- 
pound tested and proved to be equal in po- 
tency to aldosterone. Fluoro-F-acetate was 
4.5-9 times more active and chloro-F-acetate 
more than twice as potent as DOC. Daily 
doses of the fluoro-F-compound, given orally 
in large doses, induced marked polydipsia and 
polyuria accompanied by oedema of the hind 
legs and scrotum. 
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Production of Experimental Lathyrism in the Rat by Two Different 


Beta-substituted Ethylamines. 


(21535) 


WALDEMAR DastreEr. (Introduced by Richard G. Roberts.) 
From the Department of Biochemistry, Chicago Medical School, Chicago 12, IIl. 


Crystalline glutamyl aminopropionitrile has 
been isolated from the seed of the flowering 
sweet pea (Lathyrus odoratus) (1-3). When 
it is fed to rats it produces skeletal changes 
typical of odoratism, the experimental lathyr- 
ism produced in rats by the feeding of sweet 
peas(1-3). Dasler has pointed out that the 
toxic crystals isolated by a method involving 
the use of Amberlite ion exchange resins were 


not glutamyl aminopropionitrile(2). He called 
attention to the likelihood that these crystals 
were the sulfate of aminopropionitrile. Pre- 
liminary evidence has indicated that amino- 
proprionitrile itself is indeed toxic(4). More 
of the latter crystals now have been prepared 
from sweet peas by the ion exchange method. 
This material has been identified with the 
sulfate of synthetic aminopropionitrile by 
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means of its infrared absorption spectrum. 

Recent feeding experiments in this labora- 
tory show that not only is synthetic @-amino- 
propionitrile (8-cyanoethylamine) highly ef- 
fective in producing the typical skeletal 
changes caused by sweet peas, but similar 
changes can be produced in rats by the feed- 
ing of 2-aminoethanethiol (@-mercaptoethyl- 
amine). 

Methods. Isolation from sweet peas of 
B-aminopropionitrile as crystalline sulfate. 
The isolation was made by a procedure which 
was similar to the ion-exchange method pre- 
viously outlined(2). In the present prepara- 
tion, 1400 g of ground sweet peas* were thor- 
oughly extracted, first with Skelly Solve B, 
then with 95% alcohol. The alcoholic extract 
was decanted from its gummy residue and was 
evaporated under reduced pressure until an 
oily residue remained. Both residues were 
washed repeatedly with ether and finally par- 
titioned between ether and water. The com- 
bined aqueous solutions were precipitated with 
basic lead acetate, excess lead being removed 
as the sulfide. The resulting solution (1300 
ml) was concentrated in vacuo to a volume of 
150 ml. This concentrate was passed through 
a 2.8 x 40 cm column of the strongly basic 
anion-exchange resin, Amberlite IRA-400 
(hydroxyl form). The effluent and washings 
were made acidic with HsSO,, then concen- 
trated to a volume of 130 ml by vacuum dis- 
tillation. This solution was now passed 
through a 2.8 x 40 cm column of the strongly 
acidic cation-exchange resin, Amberlite IR- 
105 (hydrogen form).t+ The column was 
eluted with 1000 ml of 9% H2SO4. Excess 
sulfate was precipitated from the heated eluate 
by the addition of Ba(OH)» solution. The 
BaSO, filtrate was concentrated by vacuum 
distillation to 40 ml. The addition of an equal 
volume of 95% alcohol to the warm solution 
caused the immediate separation of a white 


* Sweet peas were generously supplied by Mr. Ray- 
mond H. Coulter of the Ferry-Morse Seed Co., De- 
troit. 

+ Rohm and Haas Co., Philadelphia. 

t Amberlite IR-105 is no longer available. It has 
been replaced by other strongly acidic cation-ex- 
change resins. The latter have not been tried in this 


procedure. 
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sediment which was filtered off and discarded. 
The solution was evaporated to dryness under 
reduced pressure. The residue was boiled with 
95% alcohol. The alcoholic solution yielded 
colorless crystals on cooling. The crystals 
were recrystallized from 95% alcohol. The 
dried yield of purified crystals was 1.02 g of 
white needles. A small amount of additional 
crystals was obtained from the mother liquors. 
The purified crystals obtained from sweet 
peas by means of this isolation had an infra- 
red absorption curve’ which was identical to 
that of synthetic B-aminopropionitrile sulfate. 
The latter compound was obtained as follows: 
Synthetic 8-aminopropionitrile|| was placed in 
a small amount of water and carefully neutral- 
ized with diluted H»SO,. Alcohol was added 
to the hot solution to incipient cloudiness. 
The hot solution was filtered. Long, white 
needles of the sulfate crystallized on cooling. 


Feeding experiments. Male rats of the 
Sprague-Dawley strain, 26 days of age and 49 
to 60 g in weight were used. The sweet pea 
diet was made up as described elsewhere(5), 
except that it contained 30% sweet peas and 
45% corn starch. In the author’s earlier work 
on the isolation of a toxic factor from sweet 
peas, the various extracts and concentrates 
were tested for their toxicity after drying them 
on a suitable quantity of milled Rockland Rat 
Diet (complete) rather than incorporating 
them into diets made from extracted sweet 
peas. Toxic concentrates fed in this way 
caused symptoms in rats which were identical 
to those produced by the feeding of sweet pea 
diets. Based on this experience, synthetic 
8-aminopropionitrile! and £-mercaptoethyl- 
amine** were separately dissolved in small 
amounts of water, carefully neutralized with 
HCl, and the resulting solutions of the hydro- 
chlorides were dried on suitable quantities of 


§ Infrared absorption spectra were determined by 
Albert S. Deutsch, Ill. Institute of Technology. 

|| @-aminopropionitrile was synthesized by E. D. 
Schilling and F. M. Strong, University of Wisconsin, 
to whom the author is grateful for a generous sample. 

{ Ordinary Rockland Rat Diet pellets were ground 
to a fine meal by a commercial miller. 

** B-mercaptoethylamine purchased from  Cali- 
fornia Foundation for Biochemical Research, Los 


Angeles. 
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FIG. 1. Femurs and mandibles from experimental rats: 


milled Rockland Rat Diet. Criterion of Tox- 
icity. As previously described(6), gross mani- 
festations of skeletal change were used as the 
chief criterion of toxicity. 

Results. Fig. 1 illustrates the changes that 
took place in the femurs and the mandibles of 
rats that received aminopropionitrile, mercap- 
toethylamine, or sweet peas in their diets. 

Beta-aminopropionitrile hydrochloride at a 
dietary level of 0.25%, based on the free base, 
was markedly more effective in inducing the 
skeletal changes of sweet pea lathyrism than 
were sweet peas at a level of 30%. It seems, 
therefore, that the toxicity of glutamyl amino- 
propionitrile must lie in the aminopropionitrile 
portion of the molecule. Whether aminopro- 
pionitrile exists independently of the glutamyl 
derivative in the sweet pea is not known. It 
seems likely that the isolated aminopropio- 
nitrile was derived from the glutamyl deriva- 


(1) normal; (2) 0.25% mereapto- 

ethylamine, killed at 21 days; (3) mercaptoethylamine, 0.25% for 14 days, 0.5% for 7 days, 

killed at 21 days; (4) 0.5% mercaptoethylamine, died at 12 days, this rat did not grow; 

(5) 0.25% aminopropionitrile, killed at 15 days; (6) 30% sweet peas, killed at 15 days; 
(7) 30% sweet peas, killed at 29 days. 


tive by hydrolysis during the course of its 
isolation. 

Rats fed 0.5% aminopropionitrile (as the 
hydrochloride) did not survive beyond 17° 
days. In spite of very poor growth at this 
level, skeletal changes were maximal (not 
illustrated). 

Beta-mercaptoethylamine also caused 
changes in the femurs and in the mandibles 
which were similar to those induced by sweet 
peas. Even a level of mercaptoethylamine 
which entirely prevented a gain in weight pro- 
duced a marked malformation of the femur 
(Fig. 1)(4). Although preliminary experi- 
ments indicate that the mercapto-compound is 
at least as toxic as the nitrile when compared 
on the basis of its minimal lethal dose for the 
rat, its effect on the bones is definitely less 
than that of the nitrile. It is of interest to 
note that 8-mercaptoethylamine occurs natur- 
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ally in the animal organism as the terminal 
group of the Coenzyme A molecule. 

It is interesting to speculate on the signifi- 
cance of the above findings. It appears clear 
that the toxic action of these substances does 
not involve the calcium and phosphorus me- 
tabolism of bone directly(7). Since both of 
these compounds are £-substituted ethyl- 
amines, it is logical to look for a B-substituted 
ethylamine as the key metabolite that is af- 
fected in odoratism. Beta-ethanolamine and 
B-alanine are #-substituted amines which 
occur naturally in the body. Neither of these 
has any protective action against sweet peas 
even when fed in amounts which are large 
enough to inhibit growth(8). Nevertheless, 
the results point to the possibility that the 
specific metabolic defect in sweat pea lathyr- 
ism may involve the metabolism of a two- or 
three-carbon metabolite, probably an amine. 

Summary. 1. Crystals which were isolated 
from sweet peas by a method which had pre- 
viously yielded a toxic product were found to 
have the same infrared absorption spectrum 
as synthetic 8-aminopropionitrile sulfate. 2. 
Synthetic 8-aminopropionitrile and @-mercap- 
toethylamine, when fed to rats as their hydro- 
chlorides, both produced skeletal changes sim- 
ilar to those caused by sweet peas. The mer- 
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captoethylamine was the less effective in pro- 
ducing skeletal changes, although preliminary 
experiments indicate that it is at least as toxic 
as aminopropionitrile when judged on the 
basis of lethality. 3. Some of the implications 
of these findings are discussed. 


Note added in press. Since this paper was 
submitted for publication, Wawzonek, Ponseti, 
Shepard, and Wiedenmann(9) have reported 
that aminoacetonitrile also produces skeletal 
lesions typical of odoratism. It appears, 
therefore, that neither the G-aminoethyl group 
nor the cyano group are essential for the pro- 
duction of this type of lesion. 


1. Schilling, E. D., and Strong, F. M., J. Am. Chem. 
Soc., 1954, v76, 2848. 

2. Dasler, W., Sctence, 1954, v120, 307. 

oe Mckay Goal balichy | Jesochilline enya De 
and Strong, F. M., Arch. Biochem. Biophys., 1954, 
S1Pn, Sle 

4. Strong, F. M., personal communication. 

5. Dasler, W., J. Nutrition, 1954, v53, 105. 


6. , Proc. Soc. Exp. Bior. anp Mep., 1954, 
v85, 485. 

ie , J. Nutrition, 1954, v54, 397. 

8. , unpublished data. 


9. Wawzonek, S., Ponseti, I. V., Shepard, R. S., 
Wiedenmann, L. G., Science, 1955, v121, 63. 
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V. J. Capasso, J. M. Douctas, M. R. STEBBINS, AND H. R. Cox. 


From Virus and Rickettsial Section, American Cyanamid Co., Research Division, Lederle 
Laboratories, Pearl River, N. Y. 


Until its adaptation to the developing chick 
embryo(1-2), canine distemper virus was con- 
sidered to be strictly host specific to the ca- 
nine and musteline species. Its propagation in 
the chick embryo has not only extended its 
host range, but has resulted in the loss of its 
virulence for dogs, minks and ferrets, permit- 
ting its use as a live virus vaccine in these ani- 
mals(3-6). A convenient method has also 
been provided for the detection and measure- 
ment of neutralizing antibodies in the sera of 
animals vaccinated against or recovering from 
distemper (1,7,8). 


The propagation of canine distemper virus 
in the chick embryo may also have made pos- 
sible its adaptation to suckling mice(9) and, 
as is reported in the present communication, 
its ready multiplication in the central nervous 
system of suckling hamsters. 

Materials and methods. Virus. The virus 
used in this study was isolated in this labora- 
tory from a natural case of distemper en- 
cephalitis(10) in a dog. It consisted of either 
vacuum dried commercial vaccine prepara- 
tions, reconstituted to 40% tissue with sterile 
distilled water, or of freshly prepared suspen- 
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sions of infected chorio-allantoic membrane 
(CAM). All preparations represented the 
42nd to 44th serial passage of the virus in the 
chick embryo. 

Mice and hamsters. WLaboratory-bred lit- 
ters of Swiss albino mice and golden hamsters 
were used. The mice were 1 to 2 days old at 
the time of inoculation, and the hamsters 
ranged from 3 to 5 days of age. Inoculation 
was done intracerebrally, each animal receiv- 
ing 0.02 or 0.03 ml according to size. The 
inoculum consisted of one of the following 
suspensions, prepared in beef heart infusion 
broth: 10, 20 or 40% reconstituted commer- 
cial vaccine, 40% infected CAM, or 20% 
mouse or hamster brain. All suspensions were 
centrifuged at 2,000 rpm for 20 minutes be- 
fore inoculation. Virus titrations were made 
in suckling hamsters in 10-fold dilutions, care 
being taken that animals in each test were 
from litters of the same age. Chick embryo 
inoculations. These were made in White Leg- 
horn embryonated eggs, 7-8 days of age at 
the time of inoculation. For propagation of 
the virus, a 40% infected CAM suspension 
was inoculated in 0.3 ml amounts on the CAM 
of 10 or more embryos. These were incubated 
at 36°C for 7 days, at which time the CAM’s 
of surviving embryos were harvested and 
pooled. For virus assay, 20% hamster brain 
suspensions were similarly inoculated into 
groups of 10 embryos. CAM?’s of surviving 
embryos were examined for lesions at the end 
of 7 days’ incubation. Lesions were scored as 
follows: maximum 4, somewhat less than 
maximum 3, and so on down to 0.5, which 
was assigned to embryos presenting only scat- 
tered thin streaks. Scores of embryos in the 
same group were added and the arithmetic 
mean was recorded as growth score (5th col- 
umn, Table I). All suspensions inoculated 
into chick embryos contained enough penicil- 
lin and streptomycin to give final concentra- 
tions of 500 units of the former and 200 pe 
of the latter per 1 ml inoculum. Ferrets and 
challenge virus. Healthy young animals were 
obtained from the same source as reported 
earlier(2), and maintained under the same 
conditions. The challenge virus consisted of 
a 20% ferret spleen suspension infected with 
the Lederle stock strain of virulent distemper 
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TABLE I. Details Pertaining to the Serial Intra- 
cerebral Passage of Distemper Virus in Suckhng 
Hamsters. 


Growth Suckling 
Ratio of score on hamster 


Ageof Incuba- 
Passage litters tion 


No. (days) (days) infection CAM* _ titer 
1 3 7 5/ 5t 
2 3 6-7 11/11 1.3 
3 3 6 13/13 
4 3 4 4/ 4 ili 
5 4 6 tf OE 8 HO se8 
6 3 4 16/16 7 
7 3 4 13/13 
8 3 4-6 15/15 1.3 
9 3 + 5/ 5 
10 3 4-5 14/14 1.0 
al 3 4—5 10/10 
12 4 5 4/ 4 2.3 
13 5 5 5/ 5 2.1 1 Oe 23 
14 5 5 ayn eZ 
15 3 4 8/ 8 1.0 
16 3 4 IALT 2.1 


* See text for definition of growth score. 
+ Animals either dead of infection or sacrificed 
when moribund, over No. of animals inoculated. 


virus and prepared as described in a previous 
communication(5). 

Normal and immune dog sera. These were 
derived from a dog as described in an earlier 
experiment(6). Following withdrawal of a 
normal blood sample, the dog was given sub- 
cutaneously 2 ml Avianized ® Canine Distem- 
per Vaccine. After a 70-day observation pe- 
riod, during which the animal remained 
healthy, with normal temperature readings, 
leucocyte counts and blood sedimentation 
rates, it was challenged intracerebrally with 
the Snyder Hill strain of virus(6). The sec- 
ond bleeding was obtained 40 days after chal- 
lenge. During the interval, the dog remained 
perfectly normal, whereas unvaccinated con- 
trol animals died in convulsion following the 
same challenge. The serum was separated 
from the clot of each of the two bleedings at 
the time of withdrawal and stored in the re- 
frigerator until used. 

Serum neutralization tests. The qualitative 
test was made by mixing equal volumes of 
either normal or immune dog serum with 20% 
hamster brain suspensions. The serum sam- 
ples were inactivated at 56°C for 30 minutes 
before mixing with the virus. As an addi- 
tional control, equal volumes of 20% infected 


® Lederle Laboratories Division, American Cyana- 
mid Co., Pearl River, N. Y. 
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hamster brain and broth were mixed. The set 
of 3 mixtures was held at room temperature 
for one hour before inoculation into hamsters 
of 1 or 2 litters per mixture. The animals 
were observed for sickness and death over a 
period of 21 days. The quantitative test was 
in every respect similar to the one above, ex- 
cept that 3 sets of 10-fold dilutions of the 
20% hamster brain suspension were made in 
broth before mixing each dilution with equal 
volumes of either undiluted normal serum, un- 
diluted immune serum or broth. 

Experimental. Attempted adaptation of 
chick embryo propagated virus in suckling 
mice. Twelve different batches of commer- 
cial vaccine, including the one reported by 
others(9) as having been successfully adapted 
to mice, were reconstituted and inoculated 
each into mice of 2 to 4 litters in the form of 
10, 20 or 40% suspensions. In addition, a 
freshly prepared 40% infected CAM suspen- 
sion, representing the 44th chick embryo pas- 
sage, was also inoculated into mice of 4 lit- 
ters. The experimental animals were care- 
fully watched for symptoms over a period of 
21 days, and those showing the slightest devi- 
ation from normal were sacrificed and their 
brains harvested for further passages in baby 
mice. Animals evidenced either no symptoms 
at all on the Ist passage or, in a few cases, 
slight excitation. Of the 12 vaccine batches, 
2nd blind passages were made with 6. Second 
passage mice showed still less deviation from 
normal than those of the first passage. Their 
brains were, nevertheless, harvested around 
the 12th day, and 3rd passages made. Al- 
though no unusual symptoms were noted, 3 
lines were chosen for a 4th passage, in which 
the animals were sacrificed 14 and 19 days 
after inoculation. Hyperexcitability was seen 
in some mice on the 16th day, and a 5th pas- 
sage was made with that line, but the 5th pas- 
sage animals remained normal over the 21- 
day observation period. Following failure to 
establish the virus, mouse passages were dis- 
continued after 5 transfers in favor of the 
more promising hamster inoculations. 

Serial transfer of chick embryo propagated 
virus in suckling hamsters. In contrast to 
the slight success obtained in suckling mice, 
propagation of the virus in suckling hamsters 
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TABLE II. Results of Qualitative and Quantita- 
tive Serum Neutralization Tests. 


Infected hamster brain 
suspension or dilution 


plus 
Immune Normal 
Hamster dog dog Sterile 
passage Tests serum serum broth 
11 Qualitative (mor- 5/17 OV MOR O29 
tality ratio) 
13 Quantitative <0 Soe) Ome A immnl Omsae 
(LD;, titers) 
started with the very first passage. A 40% 


infected CAM suspension representing the 
44th chick embryo passage was inoculated in 
0.02 ml volumes into hamsters of 2 litters. 
Some of the animals were found dead on the 
7th day, and the survivors showed definite 
signs of illness. The animals moved slowly 
or were completely apathetic, most of them 
lying on their sides, their heads slightly bent 
forward between their front legs. When dis- 
turbed they attempted to walk away slowly 
with uncoordinated movements, often rolling 
on their backs as a result of the effort. These 
sick animals were sacrificed, their brains re- 
moved aseptically and made into a 20% sus- 
pension. Details pertaining to the serial 
transfer of this material through 16 passages 
in hamsters are summarized in Table I. In- 
variably, animals came down at each passage 
level with symptoms similar to those just de- 
scribed. The time lapse between inoculation 
and development of symptoms seemed to de- 
crease gradually as passages progressed, going 
from 7 days at the lst passage to 4 days at 
the 16th. All of the several passage levels 
which were assayed on the CAM of 7-8-day 
embryos produced lesions undistinguishable 
from those associated with chick embryo 
adapted distemper virus. These lesions, which 
diminished in intensity through the 6th pas- 
sage, became gradually more marked at sub- 
sequent levels. Virus representing the 5th 
and 13th hamster passages was titrated in 
suckling hamsters and gave titers of 10*° 
and 10°°-?° respectively. These results did not 
correlate with the growth score on the CAM, 
but the number of titrations is too small to 
permit generalization. It might be worth 
mentioning here that, unlike the attempts to 
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adapt the chick embryo virus directly to suck- 
ling mice, the hamster adapted virus was read- 
ily propagated in one-day-old mice beginning 
with the second hamster passage. However, 
serial passages in one-day-old mice became 
possible only beyond the 4th hamster passage. 

Identification of the hamster propagaied 
virus. This was accomplished by: 1) serum 
neutralization test in suckling hamsters and 
2) immunization of ferrets with the hamster 
propagated virus. 

1) Serum neutralization tests. These were 
performed according to the technic described 
under Materials and methods. A qualitative 
test was done with the 11th hamster passage 
virus, and a quantitative test was set up with 
the 13th passage brain suspension. The re- 
sults, summarized in Table II, unequivocally 
identify the hamster propagated agent as 
canine distemper virus. 

2) Ferret immunization test. Twenty per 
cent infected brain suspensions of the 4th, 
7th and 10th suckling hamster passages were 
each inoculated intraperitoneally in 1 ml 
amounts into 2 distemper-susceptible ferrets. 
The animals were observed for 16 days, dur- 
ing which time they remained normal and 
healthy in appearance. They were then chal- 
lenged with virulent distemper virus, also in- 
traperitoneally, each animal receiving 1 ml of 
a 20% infected ferret spleen suspension, or 
about 1,000 lethal doses. The ferrets re- 
mained normal for a 30-day observation pe- 
riod. In contrast, two control animals which 
received the same challenge dose of virus on 
the same day developed clinical distemper and 
died, one on the 13th and the other on the 
14th day following inoculation. 

Discussion. The propagation of chick em- 
bryo adapted distemper virus in suckling 
hamsters by intracerebral passage constitutes 
a further example of the ‘‘genetic plasticity” 
of viruses. An agent which for a long period 
was considered strictly specific for members 
of the canine and musteline families was, in 
the course of a relatively short time, success- 
fully adapted to grow in the chick embryo, 
the suckling mouse and the suckling hamster. 
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The sequence of adaptation of this virus to 
these different hosts is interesting: numerous 
attempts to transfer the virus directly from 
the dog or the ferret into rodents have not 
been successful, whereas little difficulty was 
encountered’ following its adaptation and 
modification in the chick embryo. It is also 
noteworthy that the return of the chick em- 
bryo virus into mice and hamsters, both mam- 
malian hosts, did not bring about reversion to 
virulence for the ferret and, at least within 
the number of passages tested, caused no de- 
tectable alteration in its antigenic makeup. 
The propagation of distemper virus in both 
suckling mice and hamsters should constitute 
a valuable additional tool in the hands of the 
research worker, to whom a quantitative 
serum neutralization test is made available. 

Summary. The Lederle strain of chick em- 
bryo adapted distemper virus was propagated 
in suckling hamsters through 16 serial trans- 
fers. The virus elicited a lethal infection in 
this host in 4-7 days following inoculation. 
Proof of the identity of the hamster-propa- 
gated agent was derived from serum neutral- 
ization tests in hamsters and from the success- 
ful immunization of ferrets. 


The authors are indebted to Mrs. Eleanor Osborn 
for her assistance in preparation of the manuscript. 
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E. P. REINEKE AND O. N. SINGH. 


From Department of Physiology and Pharmacology, Michigan State College, East Lansing. 


That administration of exogenous thyrox- 
ine will reduce both thyroidal 33! uptake(1) 
and output(2) suggests the possibility of 
measuring thyroid secretion rate indirectly by 
determining amount of thyroxine required to 
suppress turnover of I?*! by the thyroid. In- 
deed, Perry(3) reported that when rats are 
first given I’*1, and different groups are then 
given graded doses of thyroxine, inhibition of 
thyroidal I**? output during a 48-hour period 
is proportional to dosage of thyroxine admin- 
istered. He proposed this as a thyroid assay 
method. 


In our research the response of the rat thy- 
roid to dosages of thyroxine that were in- 
creased progressively at intervals in the same 
individuals, instead of varying dosages be- 
tween groups, was explored. The procedure 
developed permits estimation of thyroid se- 
cretion rate in smaller groups of animals than 
required by earlier methods. It also points 
to the possibility of estimating thyroid secre- 
tion rate of individual animals. 

Methods. Adult albino rats obtained from 
Carworth Farms, were maintained on a diet 
consisting of yellow corn meal 140 g, ground 
whole wheat 100 g, whole milk powder 80 g, 
linseed oil meal 40 g, alfalfa leaf meal 24 g, 
brewer’s yeast 12 g, and iodized salt 4 g. The 
rat laboratory was maintained at temperature 
of 74 + 1°F. In each experiment rats of 
only one sex and approximately same age and 
size were used. Each rat was injected intra- 
peritoneally with 30-40 pc of carrier-free I 
as Nal. Forty-eight to 72 hours were allowed 
for fixation of I/*! by the thyroid and urinary 
elimination of excess isotope. External thy- 
roid counts were taken at the end of this pe- 
riod and at appropriate intervals thereafter, 
at constant geometry, by use of heavy lead 


* Published with approval of Director of Mich. 
Agric. Exp. Sta. as journal paper No. 1710 NSS. 

+ We are indebted to Carolyn Mayotte for tech- 
nical assistance and to Dr. H. A. Henneman for 
suggestions. 


counting table similar to that described by 
Albert(4). Either a bismuth cathode gamma 
counting tube (RCL, Mark 1 Model 13) ora 
scintillation counter (Nuclear Instrument and 
Chemical Corp., Model DS-1) was used. Prior 
to counting, each rat was injected intraperi- 
toneally with sodium pentobarbital (30 mg/ 
kg). In addition, ether was given by inhala- 
tion when necessary to effect complete immo- 
bilization. Counts were read on a count rate 
meter (Nuclear, Model 1615-B) set at 2% 
level of counting error. In each case the thy- 
roid region was centered over the 13 mm 
tapered opening in the counting table and the 
rat shifted about slightly until maximum 
counting rate was attained. Body _ back- 
ground counts were taken over the epigastric 
region. Thyroid counts were corrected by 
one-half the body background plus the gen- 
eral background by formula established by 
Wolff(2) and also for physical decay. The 
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L-THYROXINE, Y PER 100 gm RAT 
FIG. 1. Effect of progressively increasing doses 
of thyroxine in individual rats on retention of I* 
in their thyroids. 
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L-thyroxine+ used as a standard was first 
purified by washing with absolute alcohol and 
then recrystallizing alternately as mono- 
sodium salt and free acid until a homogeneous 
crop of white crystals was obtained(5). Solu- 
tions for injection were prepared by dissolving 
thyroxine in distilled water with the aid of 
minimum amount of N/10 NaOH. 


Results typical of the new procedure are 
shown in Fig. 1. In this experiment, 4 female 
rats with average body weight of 240 g were 
injected intraperitoneally with 40 wc of I'*?. 
Seventy-two hours later an initial thyroid 
count was taken Each rat was then injected 
with 1 yg of L-thyroxine daily for 2 consecu- 
tive days and external thyroid counts were 
taken on third day, 48 hours after initial 
count. Thyroxine dose was increased progres- 
sively at 2-day intervals, a thyroid count 
taken before each increase in dosage. When 
the thyroid counts are expressed as percent- 
age of the preceding count and plotted against 
thyroxine dosage, the retention of I’*! by the 
thyroid increases progressively with increas- 
ing thyroxine dose until 100% point is 
reached and then levels off. Statistical treat- 
ment yielded a highly significant correlation 
coefficient of 0.843 between thyroxine dose 
and per cent of preceding count. A regres- 
sion line was fitted to the ascending portion of 
curve by the method of least squares, result- 
ing in prediction equation, y — 78.364 + 
8.435x. If the per cent of preceding count 
(y) is taken as 100, the estimated thyroid se- 
cretion rate (x) is 2.56 pg/100 g body weight 
daily. 

Highly significant correlation coefficients of 
0.970, 0.937, 0.951 and 0.919 were obtained 
when the data for the 4 individual rats were 
treated separately. The estimated thyroid 
secretion rates of individual rats, computed 
from the regression equation were 2.51, 2.41, 
2.29 and 3.05 »g/100 g body weight, with an 
average of 2.56 wg. In this experiment the thy- 
roxine dosage increments were spaced closely 
enough together so that 6 points were ob- 


tained for each rat on the ascending portion of | 


the curve. 


t Kindly supplied by Glaxo Co., Greenford, Mid- 
dlesex, England, 
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FIG. 2. Effect of wider increments of thyroxine 
dosage in individual rats on retention of [I in 
their thyroids. 


Fig. 2 shows the results obtained with 
wider spacing between thyroxine dosages. 
This experiment included 6 female rats aver- 
aging 246 g in body weight. The procedure 
was the same except that at 48 hour intervals 
following injection of I?*! two external thy- 
roid counts were taken to establish normal 
output rate. Thyroxine was then given on 2 
successive days at levels of 1 and 2 ug/100 ¢g 
body weight, counts also taken at 2-day in- 
tervals. When the data for all rats is in- 
cluded, there is a highly significant correla- 
tion of 0.902 between thyroxine dose and per 
cent of preceding counts. The estimated thy- 
roid secretion rate was 2.21 yg L-thyroxine/ 
100 g body weight. Data for individual rats 
also yielded high correlation values, but they 
were not statistically significant because of 
the small number of points for each rat. It 
appears, therefore, that reliable values can be 
obtained for individual rats only if there are 
not less than 5 to 6 points on the ascending 
part of response curve. 


For comparison with the results obtained 
by the new procedure 24 female rats were di- 
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FIG. 3. Effect of progressively increasing thy- 
roxine dosage between groups of rats on I re- 
tention in their thyroids. 


vided into 5 groups averaging 273 to 277 g 
body weight and injected with 40 uc of I1°1/ 
rat. A base count was taken 120 hours after 
I'*! injection. A group of 4 rats received no 
thyroxine. The other 4 groups, comprising 5 
rats each, were injected daily for 6 days with 
a different level of L-thyroxine given each 
group, and a final thyroid count was taken on 
seventh day. The final thyroid counts were 
expressed as per cent of initial count and plot- 
ted against dose (Fig. 3). This is the only 
instance where we have observed an appar- 
ently curvilinear response by this procedure. 
Because of this, and also for simplicity of 
treatment, a straight line was fitted to the 
data. <A highly significant correlation of 
0.942 between thyroxine dose and per cent of 
preceding count was found. From regression 
equation, y = 44.3 + 23.8x, the estimated 
thyroxine secretion was 2.34 wg/100 g body 
weight. 

In agreement with the report of Perry(3) 
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it was found in the foregoing experiments that 
when an adequate level of thyroxine admin- 
istration is reached, output of I**! from the 
thyroid is apparently completely inhibited. 

As a further check, 21 male rats averaging 
200 g body weight were divided into 2 groups 
comprising 7 and 14 animals and injected with 
30 we of I™1/rat. Forty-eight hours later 
daily L-thyroxine injections were started in 
both groups at the rate of 1 »g/100 g body 
weight. Dosage was increased progressively 
at 2-day intervals, and external thyroid count 
taken immediately before each increase in 
dosage. One group (14 rats) was started on 
1/10% thiouracil in its drinking water, at the 
same time the thyroxine injections began. 
Thyroid counts of the first group again lev- 
eled out, as the thyroxine dose reached a criti- 
cal level, at 99 to 100% of preceding count 
(Fig. 4). The thiouracil-treated group, 
however, leveled out at 92 to 93% of pre- 
ceding count and did not go any higher with 
increasing thyroxine dose. Thyroid output, 
based on the last 3 points on the flat part of 
curve, continued at the rate of 4.2% daily. 
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FIG. 4. Effect of progressively increasing thy- 
roxine dosage on avg retention of I’** in thyroids 
of normal as compared to thiouracil treated rats. 
Vertical bars represent stand. error of mean in 
each case. 
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From these results it appears that thyroxine 
treatment does not completely block [*? 
turnover. In rats that have organic binding 
of iodine largely blocked by thiouracil admin- 
istration, I* output continues at a slow rate 
despite a high dosage with thyroxine. In nor- 
mal rats at a similar thyroxine dosage this 
output appears to be counterbalanced by an 
approximately equal uptake, with the result 
that there is no net change in thyroid count. 
The points on the curves where these results 
are indicated occurred about 8 days after the 
I?! injection when body background counts 
had reached insignificant levels. The small 
uptake is probably due, therefore, to recircu- 
lation of I**1 from compounds that have been 
released from the thyroid and metabolized. 

An estimate of thyroid secretion rate in 
these rats, obtained by extrapolating the 
ascending response lines to 100% and 92.5% 
in the normal and thiouracil-treated rats, re- 
spectively, gives values of 2.15 and 2.4 pug/ 
100 g body weight. In line with the above 
discussion, the recycling of I**! through the 
thyroid would be represented approximately 
by the difference between these values. This 
amounts to roughly 11% of daily output. 

A point of further interest concerns length 
of time that is required for the thyroid-pitui- 
tary balance, as indicated by the thyroid 
count, to come into equilibrium with a given 
dose of thyroxine. In a further experiment 
22 male rats averaging 249 g body weight 
were divided into 4 groups and injected with 
30 pe of I*1/rat. An external thyroid count 
was taken 72 hours later, and immediately 
thereafter daily thyroxine injections were 
started at levels of 0.5, 1.0, 1.5 and 2.0 pe/ 
100 g body weight in the respective groups. 
Control data were obtained on two additional 
groups, one receiving I’? only and the other 
receiving 1/10% thiouracil in its daily drink- 
ing water subsequent to initial count. As 
shown by average counts in Fig. 5, I! out- 
put by thyroid was altered in all cases within 
24 hours of first thyroxine injection. At the 
2 pg dosage there was a small accumulation 
of iodine for the first 3 days. At lower levels 
the slope of the output curve was decreased in 
proportion to dosage. Rats receiving thioura- 
cil only had an output % time of 1.5 days, 
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compared to 4 days for normal rats. The T¥% 
for groups receiving 0.5, 1.0 and 1.5 pg L- 
thyroxine/100 g body weight, respectively, 
was 5.3, 7.3 and 11.2 days. 

When individual counts after 4 days of thy- 
roxine dosage expressed as per cent of initial 
count, were plotted against dosage as in Fig. 
3, there was a highly significant correlation 
of 0.979 between per cent of initial count and 
thyroxine dose. From regression equation, 
y = 43.81 + 25.96x, the estimated thyroxine 
secretion rate was estimated as 2.15 »g/100 g 
body weight. 

Discussion. Estimates of thyroid secretion 
rate obtained by progressively increasing thy- 
roxine dose in individual rats or small groups. 
(Fig. 1, 2 and 4) agree very closely with those 
obtained where the dose is varied between 
groups (Fig. 3 and 6). The new procedure 
has the advantage of permitting estimates of 
absolute thyroid secretion rate to be made on 
individuals or small groups of animals. 

The observed inhibition of thyroid output 
by administered thyroxine can be explained 
by the suppressing effect of thyroxine on thy- 
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FIG. 5. Effect of varying dosage levels of thy- 
roxine, given continuously to groups of rats on 
thyroidal I’ output curve. Figure in parentheses 
shows No. of rats included per group. 
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rotropic hormone output. As shown by Wolff 
(2) thyroxine administration at high levels 
suppresses I**! output by thyroid to about 
the same extent as hypophysectomy. Under 
our laboratory conditions there appears to be 
a small iodine turnover even in rats receiving 
thyroxine equivalent to their thyroid secre- 
tion rate. In normal rats, output is approxi- 
mately balanced, however, by the uptake. If 
organic combination of iodine is blocked by 
thiouracil, output, even at high thyroxine lev- 
els, continues at average rate of 4.2% /day. 
(Fig. 4). Estimated daily thyroid secretion 
rate is about 11% higher in thiouracil-treated 
than in normal rats, because of recycling of 
T*1 in the normal rat thyroid. This agrees 
very well with the estimate of 10.2% daily 
for recycling of I?*1 by rabbit thyroid that 
was derived by entirely different methods(6). 
The actual thyroid secretion value of 2.15- 
2.6 wg L-thyroxine/100 g body weight daily 
obtained under our conditions is somewhat 
lower than the estimate of 10 mg for rats 
weighing 170-250 g reported by Perry(3). 
The most extensive studies by the goitrogen 
technic(7) yielded values of 2.8-3.5 yg D, 
L-thyroxine/100 g body weight in adult rats. 
This is the equivalent of 1.4-1.75 pg L-thy- 
roxine if it is accepted that the L-isomer has{ 
twice the potency of the racemic mixture(8). 
The principles reported in this paper have 
been applied successfully to the measurement 
of thyroid secretion rate of domestic sheep 
(9). Further research will be required to de- 
termine their applicability to other species. 


Plasma Half Life of Na’? in Dogs. 


207 


Summary. A procedure is described for 
determination of the thyroid secretion rate in 
the intact rat. Based on inhibition of thy- 
roidal I**? output by progressively increasing 
doses of thyroxine, it is applicable to individ- 
uals or small groups of animals. Values ob- 
tained by progressively increasing thyroxine 
dosage within individuals compare closely 
with those obtained by varying dosages be- 
tween groups. They are also similar to re- 
ported values obtained by the goitrogen tech- 
nic. Thyroid secretion values, expressed as 
ug L-thyroxine/100 g body weight were 2.21- 
2.56 for adult female and 2.15 for adult male 
rats. Rats given thiouracil to prevent further 
thyroidal combination of I?*! during treat- 
ment yield values about 10% higher than 
those not receiving thiouracil. 
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D. F. OppyKE AND I. CLARK. 
From the Merck Institute for Therapeutic Research, Rahway, N. J. 


Relatively few studies on sodium metabo- 
lism in mammals have been conducted with 
the radioactive isotope Na?” owing to its long 
physical half life. In connection with an un- 
related research we had an opportunity to de- 
termine the plasma half life of Na?? in a 
group of pure-bred and inbred beagle dogs. 


The plasma half life of this isotope appears to 
be much shorter in dogs kept under usual 
laboratory conditions than in man. 

Materials and methods. Fourteen pure- 
bred beagle dogs (7 male, 7 female) from an 
inbred colony were used. All were siblings or 
half siblings (common sire) 14 months old 


208 


SPECIFIC ACTIVITY: COUNTS / MINUTE 
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FIG. 1. Disappearance of Na*” from plasma of beagle dogs. Solid lime—avg of 14 dogs. Broken 
lines—extremes of variation in counts in each set of samples. SA%™%-SA45 = level equal to %4 
of initial plasma specifie activity. Cl%4-Clsz = plasma Na® half life. 


(+ 0.7 mo.). The dogs were fed measured 
portions of a diet consisting of Red Heart 
(commercially canned dog food) and dog 
meal supplemented with fat which kept their 
weights constant within 0.1-0.2 kg. The daily 
sodium intake was 1.52 g. The dogs were 
fasted overnight and then injected intraven- 
ously with 9.2 ml of an isotonic NaCl solution 
containing a total Na®?* activity of 3.59 x 
10° counts/minute. Blood samples were col- 
lected 1, 2, 3, 24, and 48 hours after injection 
and every 2-3 days thereafter for a total of 26 
days. One and one-half ml aliquots of plasma 
were placed in stainless steel planchets, air 
dried, and counted with a thin end window 
Geiger-Muller tube for a minimum of 10,000 
counts. Counts were corrected for back- 
ground, self-absorption, and coincidence 
whenever necessary. 


Results. Fig. 1 shows the average plasma 
Na’? disappearance curve (plotted semilog- 
arithmically) and the extremes of variation 
encountered. Plasma Na”? half life (C-1/2) 
(1) when calculated from the average curve 
is 6.1 days with a range of 4.6-7.4 days. If 
C-1/2 is calculated for each dog individually 
the average C-1/2 is 6.02 days with a range 
of 5.0-7.0 days and a standard deviation of 
Se (OLS). 

C-1/2 is not correlated with the weight of 


* The Na?2 was obtained from Abbott Labora- 
tories on authorization from the AEC. 


the dog, nor with the initial plasma Na** ac- 
tivity as measured by the one hour sample. 


Discussion. Threefoot, Burch and Reaser 
(1) found the average serum half life of Na** 
to be 13.3 days (range, 12-14 days) in 4 hu- 
man subjects. Thus, our data would seem to 
indicate that Na*? activity disappears twice 
as fast from the circulation of the dog as from 
the human blood stream. A similar observa- 
tion has been made in the rat(2). Burch, 
et al.(1,3) have shown by theoretic analysis 
and experiment that the slope of the Na?" 
disappearance curve depends upon the Na in- 
take. Increasing the Na intake increased the 
slope and decreased C-1/2 while subnormal 
Na intake decreased the slope and increased 
C-1/2. Our dogs were maintained on a con- 
stant diet which kept them healthy and 
happy and it must be regarded as fortuitious 
that the Na intake was such that C-1/2 
turned out to be about 6 days. One cannot be 
certain, however, that this intake represents 
the optimal Na intake for dogs. The sig- 
nificance of the observed difference between 
C-1/2 for man and dog depends upon what it 
considered to be ‘‘normal’’ Na intake for each 
species. For example, plasma Na®? half life 
in man was 8 days on a high Na diet (13.7 g 
NaCl/day), but 25 days on a low sodium diet 
(1.7 g NaCl/day) (1). Our dogs received the 
equivalent of 3.88 g NaCl/day which is pro- 
portionately higher than the human “high” 
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sodium intake. By restricting Na intake in 
the dog it appears possible to make the C-1/2 
approximate that normally observed in man, 
but we have no reason for assuming that such 
a maneuver would result in a more optimal 
physiological status for the dog. Even so, it 
is clear that if comparisons of the plasma 
Na’? half life are to be made it will be neces- 
sary to do so under conditions of equivalent 
Na intake. 

Na*? proved to be most useful for this type 
of study. No untoward difficulties or hazards 
requiring other than the usual precautions 
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taken with radioactive material were encoun- 
tered. 


Summary. The average plasma Na? half 
life in beagle dogs is about 6 days when the 
average daily Na intake is 1.52 g. 
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I. Cultivation of Vesicular Exanthema Virus in vitro Using Pig Embryo 


Tissues. 


R. A. BANKOWSKI AND Ropert W. PFEIFER. 
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(Introduced by K. F. Meyer.) 


From the School of Veterinary Medicine, University of California, Davis 


The necessity for propagation of the virus 
of vesicular exanthema (VE) in swine has 
hindered experimentation. This paper de- 
scribes an inexpensive and convenient meth- 
od for cultivation of VE virus in vitro similar 
to that employed for virus of foot-and-mouth 
disease (2). 


Materials and methods. Virus. The im- 
munotype B;, VE virus was employed be- 
cause it is the type encountered in states other 
than California(3,4). Tissues. Swine em- 
bryos were removed aseptically from uteri 
of market sows at the slaughterhouse. Within 
15 minutes after death, suitable embryos were 
selected by external palpation of the uterus, 
the ends of the organ were cut and tied, and 
placed in a sterile pan. The desired embryo 
was removed through an incision into the al- 
lantoic cavity, to a Petri dish. For the prepa- 


* Project supported in part by grants from Agri- 
cultural Research Service, U. S. Dept. of Agriculture, 
and Public Health Service, National Institute of 
Health. 

+t During preparation of this paper, a report upon 
cultivation and demonstration of cytopathogenicity of 
VE virus in minced swine embryonic skin, muscle 
and tongue tissue through 16 serial passages was 
reported by McClain, Madin and Andriese(1). 


ration of whole embryo mince, 4 to 5 fetuses 
2 to 4cm in length (3rd to 5th week of gesta- 
tion) were pooled, cut into pieces about 2 to 
5 mm in size, and immersed in 200 ml of 
Simms-Sanders’ “Z” solution(5) containing 
1000 units penicillin and 0.65 mg of strepto- 
mycin/ml. |When fetal skin was desired, 
embryos ranging from 6 to 10 cm were se- 
lected. The skin covering neck and trunk 
was removed by blunt dissection, minced into 
pieces approximately 5 mm diameter and 
stored in Simms-Sanders’ “Z” solution as 
described. The “Z” solution and its con- 
tents, while in transit, were kept cold in a 
portable ice chest but in the laboratory stored 
at 34°F. Viability and respiration of tissues 
stored for periods longer than two weeks were 
found to decrease markedly and were less de- 
sirable for virus culture. Tissue Culture 
Technics. Tissue washed free of storage 
fluids in Simms-Sanders’ tissue culture me- 
dium was further minced (1 to 2 mm sq), 
placed into a tube of Simms-Sanders’ medium 
(0.25 g tissue to 5 ml fluid), and held at 
37°C to re-establish a normal rate of respira- 
tion. For culture about 40 mg of active tis- 
sue were transferred to test tubes (25 x 200 
mm) containing 14 ml of Baker’s fluid(6). 
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FIG. 1. Method of aerating tube containing Ba- 
ker’s fluid and embryonic tissue for propagating 
VE virus in vitro. 


The virus inoculum for the initial culture in 
each series consisted of 0.25 ml of a clear 10% 
suspension prepared as described for the 
preparation of antigen for the complement 
fixation test(7), except that 5,000 units of 
penicillin and 30 mg of streptomycin were 
added during treatment with Lloyd’s reagent. 
During incubation at 37°C for 24 hours, the 
culture was aerated with carbogen (mixture 
of 95% Oz and 5% COz) at the rate of 1 ml/ 
min. (Fig. 1). Following incubation, the super- 
natant fluid was removed, tissues ground in a 
mortar with alundum, centrifuged at 2500 
r.p.m. for 10 minutes, and both supernatant 
fluids pooled and filtered through a Seitz EK 
filter. Serial passages were continued with 0.5 
ml of the preceding culture. Viability of cul- 
tures was determined by inoculating intra- 
dermally 1 ml of undiluted culture into snouts 
of each of 2 susceptible pigs. The animals were 
observed daily for 12 days and, whenever pos- 
sible, held in isolation for 3 to 4 weeks before 
they were challenged with the known virulent 
parent strain of the virus. 

Results. Five separate series of cultures 
using minced pig embryonic skin suspended 
in Baker’s fluid resulted in successful passage 
of the virus 4 times once, 5 times twice, 6 
times once, and 7 times once. Facilities and 
cost prohibited titration of each series: how- 
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ever, the extent of vesiculation, incubation 
period, and severity of the disease in hogs 
inoculated intradermally into the snout gave 
some indication of virus content. Cultures 
serially passed 4 and 5 times produced lesions 
within 48 to 72 hours, whereas cultures passed 
6 and 7 times resulted in a prolonged incuba- 
tion period of 4 to 6 days before primary 
lesions were evident, followed by secondary 
lesions 24 hours later. Although this method 
is neither valid for determining virus concen- 
tration nor indisputable proof of propagation, 
nevertheless, the same type strain and volume 
of virus which was used in the inoculum was 
shown in preliminary experiments to be in- 
capable of surviving in carbogenated Baker’s 
fluid at 37°C for more than 96 hours. Dem- 
onstration of the virus in cultures, passed be- 
yond the fifth time, suggested minimal multi- 
plication or support of survival of the virus. 
Modification of the technic using Simms- 
Sanders’ medium and incubating cultures for 
24 or 48 hours by procedures employed for 
propagation of hog cholera and Newcastle 
disease virus(8,9), resulted in innocuous cul- 
tures following 6 and 7 serial passes, respec- 
tively. 


Minced whole pig embryos substituted for 
embryonic skin were found to be far more 
satisfactory. The results, Table I, showed 
that the virus could be cultivated and, thus 
far, has been passed 113 times without show- 


TABLE I. Reaction of Swine to Inoculation with 
Virus Passed in Baker’s Fluid Containing Minced 
Embryos of Swine. 


Lesions in swine inoe. 


Days IDSn* 
Serial tissues Primary Chal- 
passage stored (hr) Secondary  lenget 
7 9 24 0 im { 
11 5 48 0 — 
15 9 24 0 im 
18 2 48 96 hr < 
23 8 48 120 hr a 
28 13 48 0 ‘ 
33 i 48 0 ey 
55 7 96 9th day — 
68 i 72 0 — 
99 5 fi 96 hr im 
Tiss} 7 48 96 hr is 


*TDSn = Intradermally into snout. 

+ Inoculated IDSn with 1 ce of 10% suspension 
of type B,, virus 3 to 4 wk following exposure. 

tim = Immune. 
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FIG. 2. Typical primary ruptured vesicles on 
snout of hog inoculated 36 hr previously with cul- 
ture propagated in vitro. 


ing any readily recognizable changes in its 
behavior when inoculated intradermally into 
snouts of susceptible hogs. The agent pro- 
duced typical vesicular exanthema in swine, 
including fever followed by primary vesicula- 
tion at points of inoculation (Fig. 2) with or 
without secondary lesions on hooves and de- 
velopment of immunity to parent strain of the 
virus. Two swine hyperimmunized to type 
B;; VE were refractory to an intradermal in- 
oculation with the 113th serial culture. To 
determine the virus concentration, one hun- 
dred-fold dilutions of the 28th serial passage 
which had been stored for 126 days in the dry 
ice chest were each inoculated intradermally 
into snouts of two pigs, 4 months old. Ex- 
cellent lesions were found in hogs inoculated 
with undiluted and with the 10° dilution. 
One of the pigs inoculated with the 10+ dilu- 
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tion presented primary vesicles. All swine 
showing vesicles were immune to a challenge 
dose of virus 15 days later. These results in- 
dicate that the virus can be propagated in tis- 
sue culture to relatively high infectivity titers. 
Infective cultures of the virus in 250 and 500 
ml quantities have been prepared with the 
method described. 


Summary and conclusions. A rapid, sim- 
ple, and inexpensive method of propagating 
vesicular exanthema virus of swine was ac- 
complished in a medium of Baker’s fluid con- 
taining minced swine embryos harvested from 
sows in the third to the fifth week of gesta- 
tion. 


Grateful acknowledgement is made to Dr. Jacob 
Stong, inspector-in-charge of the packing plant, for 
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their valuable technical assistance. 


1. McClain, M. E., Madin, S. H., Andriese, P. C., 
Proc. Soc. Exp. Bior. AND Mep., 1954, v86, 771. 

2. Frenkel, H. S., Am. J. Vet. Res., 1950, v11, 371. 

3. Mott, L. O., personal communication. 

4. Bankowski, R. A., Am. J. Public Health, 1954, 
v44, 1119. 

5. Simms, H. S., and Sanders, M., Arch. Path., 1942, 
v33, 619. 

6. Parker, R. C., Methods of tissue culture. Paul 
B. Hoeber, Inc., New York, 1938, p76. 

7. Bankowski, R. A., Wichmann, R., and Kummer, 
Wh Alb US Wau, IRs, WOR sale IAS 

8. Boynton, W. H., Vet. Med., 1946, v41, 346. 

9. Bankowski, R. A., and Boynton, W. H., Vet. 
Med., 1948, v43, 305. 


Received November 16, 1954. P.S.E.B.M., 1955, v88. 


AZ, 


Antihemophilic Factor (AHF) Levels Following Transfusions of Blood, 


Plasma and Plasma Fractions.* 


(21540) 


R. D. LANGDELL, Ropert H. WAGNER, AND K. M. BRINKHOUS. 
From the Department of Pathology, University of N. Carolina, Chapel Hill. 


It has been recognized for many years that 
normal plasma has a corrective influence on 
the clotting defect in hemophilia. The pro- 
longed clotting time is shortened, and the im- 
paired consumption of prothrombin in clot- 
ting blood is rectified(1). The effect of nor- 
mal plasma is attributed to a plasma protein, 
antihemophilic factor (AHF), which is de- 
ficient in hemophilic blood. The present in- 
vestigation was undertaken (a) to determine 
the extent to which injected AHF persists in 
the circulation of normal and hemophilic sub- 
jects, and (b) to study the influence of vari- 
ous levels of plasma AHF on the results ob- 
tained in clotting time, prothrombin utiliza- 
tion and partial thromboplastin time tests(2). 
A preliminary report of this work was made 
recently (3). 

Materials and methods. Two human and 
11 canine hemophiliacs(4) and 2 normal dogs 
were used as subjects in these experiments. 
The human hemophiliacs had been hospital- 
ized because of bleeding. The canine hemo- 
philiacs were in a quiescent phase, free of 
hemorrhage, and in most cases had not been 
transfused for at least a month prior to use 
in these experiments. Blood for study was 
obtained by the two-syringe method from the 
antecubital veins of humans and the external 
jugular veins of dogs. Blood for human 
transfusions was collected from normal don- 
ors into vacuum bottles (Cutter Labs) con- 
taining ACD solution (1.32% sodium cit- 
rate, 0.48% citric acid, and 1.47% dextrose) 
in the ratio of one part to 4 parts blood. 
Plasma was freshly prepared, without freez- 
ing or pooling. Blood for canine transfusions 
was collected from normal kennel dogs, and 
was mixed immediately with 0.11 M sodium 
citrate solution in a ratio of one part to 8 
parts blood. AHF fractions were prepared 


* This investigation was supported in part by re- 
search grant from the National Heart Institute, Na- 
tional Institutes of Health, Public Health Service. 


from dog plasma by precipitation with ethanol 
after adsorption with BaSO, and _ fuller’s: 
earth(5). The product was made up in nor- 
mal saline buffered with phosphate, pH 7.2. 
On a volume basis, AHF in the fractions was 
2.95-7.5 times as concentrated as in normal 
plasma. On the basis of nitrogen determina- 
tions the fractions were 16-79 times purified. 
Immediately prior to transfusion of the dogs, 
a volume of blood approximately equal to 
that being administered was withdrawn in an 
attempt to minimize hypervolemia. Blood 
and plasma were injected at the rate of 10 
ml per min, plasma fractions at a somewhat 
slower rate. Four separate clotting tests were 
done at intervals to study the effects of 
transfusion: (a) whole blood clotting time, 
3-tube (10 x 75 mm) method; (b) prothrom- 
bin utilization in whole blood 30 min after 
collection, using a modified two-stage pro- 
cedure(6); (c) partial thromboplastin time 
(PTT) with 0.3% crude cephalin(2); and 
(d) AHF assay(2) to determine plasma 
AHF levels as % of normal homologous 
plasma. 


Results. Transfusions to hemophilic sub- 
jects. AHF was given as a single transfusion 
TABLE I. Normal Plasma Transfusion to a 


Hemophilic Dog: Effect on Clotting Tests.* 
Prothrom- 


Time after Clotting bin utilized 


transfusion time in 30 min. JE*4NG) AHF 

(hr) (min. ) (%) (see. ) (%) 
0 120 4 180 0 
% 9 87 60 22 
will 8% 90 STM 21 
2 9 90 64 16 
4 10% 90 MP 1 

6 10% 87 158 trt 
24 10% 89 167 a 
48 18 67 175 2 
96 45 19 162 2 
144 60 8 197 % 


* 13 kg male hemophilie dog given 23 ml normal 
plasma /kg body wt. 

+ tr = Values below 5% for the AHF assay are 
recorded as a trace. 
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FIG. 1. Antihemophilic activity and prothrombin 
utilization tests in a 9.7 kg hemophilie female dog 
after transfusion with a plasma fraction. 103 ml 
of a plasma fraction, 7.5 as concentrated as nor- 
mal plasma, 79 purified with respect to protein 
nitrogen, injected to give a total dose equivalent 
to 80 ml normal plasma per kg. Start of infusion 
indicated by arrow. Total injection time 12 min. 


of normal homologous blood or plasma in 12 
separate experiments, 10 with dogs and 2 with 
humans. In each experiment, the highest 
level of AHF was found immediately after 
transfusion. Thereafter it fell rapidly. Only 
traces were detectable after 3-4 hours. A typ- 
ical experiment is shown in Table I. Although 
only traces of AHF were present 6 hours after 
transfusion, clotting times and prothrombin 
utilization were within normal limits for 24 
hours. By contrast, PTT was in the normal 
range for only the first 2 hours, during which 
time AHF levels fell from 22 to 16%. At 
lower AHF levels the PTT was prolonged. 
In these 12 experiments, the volumes of the 
transfusions varied as follows: group A, 4 
dogs given whole blood, 12.5-21 ml per kg 
body weight; group B, 2 humans given whole 
blood, 3.1-8.2 ml per kg; and group C, 6 dogs 
given plasma, 14-23 ml per kg. The maxi- 
mum AHF level in each of the groups was ob- 
served in the subject receiving the largest 
dose; these values for the 3 groups were 19, 
7 and 23% respectively. To attain higher 
levels of AHF, a single injection of a plasma 
fraction rich in AHF was given to 2 hemo- 
philic dogs. AHF was increased to super- 
normal levels temporarily. The results of one 
experiment are shown in Fig. 1. The AHF 


Zi 


remained at a high level for over 18 hours. 
The divergent results obtained with the pro- 
thrombin utilization test are again seen— 
rapid utilization was still observed 36 hours 
after transfusion. 

In an attempt to maintain AHF at elevated 
levels over a long period of time, repeated 
plasma transfusions were given to 2 dogs and 
one patient. In the dogs, AHF was main- 
tained well above the 5% level only by giving 
adequate volumes of plasma, about 7 ml per 
kg, at relatively short intervals of 2-4 hours. 
With such frequent transfusions, an additive 
effect on AHF was observed with each suc- 
ceeding dose. This principle of frequent 
transfusions was used successfully in the ther- 
apy of a patient bleeding subcutaneously in 
the scalp. Plasma in the amount of 3.7 ml 
per kg was given every 4 hours for 24 hours. 
AHF levels of 6-14% were maintained and 
bleeding ceased. During the next 24 hours, 
plasma in the same amount was given but at 
longer intervals, every 8 hours. AHF rose 
to about 5% after each transfusion, but only 
traces could be detected at the end of each 8 
hour period. 

Transfusions to normal subjects. Two nor- 
mal dogs were given an AHF-rich plasma 
fraction. AHF levels were increased to more 
than twice the normal level. The results of 
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250 t 
225 Le 
200 / 
2 ° < ANTIHEMOPHILIC 
2175 ACTIVITY 
\) « 
Ina 
WwW 
a 


yn a 
(Gils ke) 


100 * 
| 2 3 4 5 
HOURS AFTER TRANSFUSION 
FIG. 2. Increase in antihemophilie activity of a 


4.6 kg normal male dog after transfusion with a 
plasma fraction, 103 ml of a plasma fraction, 
7.3% as concentrated as normal plasma, 53 puri- 
fied with respect to protein nitrogen, injected to 
give a total dose equivalent to 165 ml normal 
plasma per kg. Start of infusion indicated by 
arrow. Total injection time 30 min. 
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TABLE II. Results of Clotting Tests in Mixtures 
of Normal and Hemophilic Dog Bloods.* 


(1) (2) (3) (4) (5) 
Normal- 
hemophilie Prothrom- 
blood Clotting bin utilized 
mixture AHF 12704 time in 30 min. 
(% normal) (9%) (sec. ) (min.) (%) 
100 100 68 i 96 
50 54 67 7 90 
25 20 70 A 90 
12.5 15 82 7 90 
6.25 8 99 7 90 
oal2 trt 110 fi 90 
1.56 ; 130 7 90 
0.77 2 170 eo 50 
0.0 0 280 60 8 


* Het values: norma] 42%; hemophilic 41.5%. 
Ptr trace; 


one of these experiments are shown in Fig. 2. 
The high level of AHF was maintained only 
briefly. Half of the increase was lost in less 
than 2 hours, and the normal level was re- 
established in about 6 hours. 


Relation of results of clotting tests to AHF 
levels. The preceding mm vivo experiments 
suggested that the various clotting tests used 
were sensitive indicators of plasma AHF with- 
in only a limited range of this clotting factor. 
Results of an experiment designed to study 
these relationships further are shown in 
Table II. Freshly drawn normal and hemo- 
philic canine bloods were mixed immediately 
in varying ratios to give a broad range of 
AHF values. It is seen that the expected and 
actual results for AHF (columns 1 and 2) 
agree very well. The PTT was increasingly 
prolonged as the AHF levels were decreased 
below 15%; higher levels caused little or no 
change. Clotting time and prothrombin util- 
ization tests gave normal values except with 
AHF levels of less than 1%; these two tests 
did not appear to be influenced by changes 
in AHF above this level. Comparable ex- 
periments with mixtures of normal and hemo- 
philic human bloods gave similar results. 


Discussion. In hemophilia the increase in 
plasma AHF levels following transfusion is 
dependent upon the amount of AHF admin- 
istered. Because of the volumes required, it 
is difficult to attain a level of more than 20- 
25% of normal with whole blood or plasma 
transfusions. High levels of AHF, even ex- 
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ceeding normal, may be obtained by admin- 
istration of plasma fractions rich in this clot- 
ting factor. Similar observations have been 
made by Macfarlane, Biggs and Bidwell(7), 
using a bovine AHF fraction in patients. Half 
the initial increase in AHF activity was main- 
tained only 2-3 hours following injection of 
whole blood or plasma. Even by injection of 
large amounts of concentrated AHF signifi- 
cant levels were maintained for only about 18 
hours. Amounts of AHF sufficient to influ- 
ence whole blood clotting time and prothrom- 
bin utilization studies remain in the circula- 
tion for several days. Actually this repre- 
sents only trace amounts. 

Two important considerations in transfu- 
sion therapy for hemophilic bleeding are at- 
tainment of the minimum level of AHF re- 
quired for hemostasis and maintenance of 
this level. The minimum hemostatic level of 
AHF has been postulated to be not greater 
than 20% of normal(8). The prompt con- 
trol of hemorrhage in the patient in whom the 
AHF was maintained between 6 and 14% 
suggests that AHF requirements may be even 
lower. Hemorrhages in hemophilic patients 
are often controlled with an amount of plasma 
which probably would not raise the AHF level 
above 5%. Regardless of what the exact 
hemostatic level of AHF may be, frequent re- 
plenishment of this factor appears essential 
because of its rapid utilization. From the 
data presented here, it would appear neces- 
sary to administer AHF in the form of plasma 
or whole blood every 2-4 hours if AHF levels 
even in the range of 5-10% are to be main- 
tained. 

One hypothesis of the nature of hemophilia 
is that AHF is produced in normal amounts. 
but is not available for participation in clot- 
ting. It is postulated that AHF may form an 
inactive complex with an inhibitor, or that it 
may be lost from the circulation by rapid fil- 
tration into the tissues or urine. If such 
mechanisms are responsible for the hemophilic 
state, one would expect that the activity of 
injected AHF would be maintained in the 
circulation of normal subjects for a much 
longer time than in hemophilic subjects. Such 
was not the case. In fact, AHF given to nor- 
mal dogs disappeared more rapidly than that 
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given to hemophilic animals (cf Fig. 2 and 3). 

Recent in vitro studies(9) have shown that 
serum accelerator factors (SAF) may influ- 
ence clotting time and prothrombin utilization 
tests done on hemophilic blood. Traces of 
SAF might have been activated in the blood 
or plasma used for transfusions. It is un- 
likely that such traces would be an influence 
in our 7m vivo experiments, since Graham(10) 
has injected a potent SAF preparation (150 
units per ml, 23 units per kg) into hemophilic 
dogs without causing any change in either 
whole blood clotting time or prothrombin 
utilization. 

It has commonly been assumed that the 
laboratory diagnosis of hemophilia, even of 
severe forms, is impossible during active 
transfusion therapy. This is undoubtedly 
true if one relies only on clotting time or 
prothrombin consumption tests (Table II). 
The PTT test will demonstrate the existence 
of a clotting defect unless AHF has been 
raised to levels above 15%. In any event, 
actual determination of AHF will reveal the 
hemophilic state. 


Summary. 1. Canine and human hemo- 
philic subjects were transfused with homolo- 
gous blood or plasma. Dogs were also trans- 
fused with AHF-rich plasma fractions. The 
increase in plasma AHF levels following 
transfusions was proportional to the amount 
of AHF administered. Over half of the AHF 
activity disappeared within a few hours, al- 
though traces of AHF may persist for nearly 
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a week. Frequent replacement transfusions 
are required if AHF levels as high as 5-10% 
are to be maintained. 2. Injection of potent 
plasma fractions into normal dogs resulted in 
transient supernormal AHF levels. Half of 
the injected AHF was lost in about 2 hours. 
3. The minimum amount of AHF required 
to give normal values is not uniform with dif- 
ferent clotting tests. AHF levels above 1% 
resulted in normal values for the clotting time 
and prothrombin utilization tests. Levels 
above 15% resulted in normal values for the 
Park tests 
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Effect of Chlortetracycline on Chick Thyroid Size. 


H. MENGE AND M. H. CONNER. 


(21541) 


(Introduced by C. A. Denton.) 


From the Animal and Poultry Husbandry Research Branch, Agricultural Research Service, U. S. 
Department of Agriculture, Beltsville, Md. 


Calesnik, Harris, and Jones(1) have re- 
ported some evidence to suggest that chlorte- 
tracycline and penicillin have a goitrogenic 
and antithyroid effect in young rats. This 
action was demonstrated by an increased thy- 
roid weight and a decreased uptake of I1*?. 
However, Libby and Meites(2), in a single 
experiment, were unable to substantiate these 
findings even though greater quantities of the 
antibiotics were fed to rats. These latter 
workers were also unable to demonstrate a 
goitrogenic effect of penicillin in chicks. Re- 
cently, Mellen and Waller(3) reported data 
to show that an aureomycin concentrate, 
when fed to chicks, increased the size of the 
thyroid gland significantly. The results pre- 
sented in the present paper are from data ob- 
tained from four separate replications cover- 
ing a period of 6 months extending from April 
through September, 1954. 

Procedure. In each of the 4 experiments, 
day-old chicks were distributed into uniform 
lots of 10 each on the basis of body weight. 
New Hampshire female chicks were used in 
Exp. 1 and 4*; crossbred male chickst in Exp. 
2 and 3. The basal diet (Table I) was used 
in all of the trials and was supplemented, as 
shown in Table II, with different levels of 
chlortetracycline. A group of chicks receiv- 
ing the basal diet supplemented with 0.2% 
thiouracil was also included in each of the 4 
trials. The chicks were maintained in elec- 
trically heated batteries, and feed and water 
were supplied ad libitum. At the end of 4 
weeks, the birds were weighed, sacrificed, and 
the thyroids were removed and weighed in- 
dividually on a Roller-Smith balance. The 
body cavity of each bird was opened at time 
of sacrifice and the sex noted. 


Results. The data are summarized in 
Tables II and III. A highly significant in- 
crease in both the actual thyroid weight and 


* 80% of chicks in Exp. 4 were females, 
+ New Hampshire male x Silver Cornish female. 


TABLE I. Composition of Basal Diet. 


Jo 
Ground yellow corn 59.35 
Soybean meal 26. 
Alfalfa leaf meal 5. 
Fish meal 6 
Steamed bone meal 1 
Limestone flour 1 
Butyl fermentation solubles 6 
(500 ug riboflavin/g) 
Salt mixture (+4% MuSO, 4H,0) 5 
Methionine 2 
Vit. A and D oil (2250A, 600D) vk 
Choline supplement (98,415 mg/Ib) 15 
Vit. B,. coneentrate (6 mg/lb) nal 
mg/kg 
Folie acid 2. 
Calcium pantothenate 3. 


Protein (calculated) 21.6%. 


the thyroid/total body weight ratio was ob- 
served in Exp. 1 in the groups receiving 50 
and 100 mg of chlortetracycline per kilo of 
diet, and in Exp. 2 in those groups receiving 
100 and 1000 mg of chlortetracycline per kilo. 
In Exp. 3, a significant increase in only the 
actual thyroid weight was noted. However, 
the thyroid/total body weight ratio for the 
group receiving 1000 mg of the antibiotic per 
kilo of diet was significant at the 10% level. 
In Exp. 4, a slight but non-significant increase 
in actual thyroid weight was observed in those 
groups receiving chlortetracycline. However, 
examination of the data obtained from the 
first 3 replications by analysis of variance, 
shows a highly significant treatment effect 
(Table III). 


Examination of the actual thyroid weight 
from the 4 replications by regression analysis 
gave b-values of 0.482, 0.046, 0.043, and 
0.037. The b-values for the thyroid/total 
body weight ratios were 0.947, 0.011, 0.012, 
and 0.011. Thus the thyroid response is 
closely correlated to increased antibiotic dos- 
age in only the first replication. Progres- 
sively increasing antibiotic dosage above the 
100 mg/kilo level did not increase thyroid 
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TABLE IT. Effect of Chlortetracyeline on Chick Thyroid Size. 


Avg body wt 


-—Avg* thyroid wt (mg)—, 


mg/kg 4wk (g) Actual Per 100 g B.W. 
Exp. 1 (April) sj 
Control 
Chlortetracycline 10 359 24+ 2 OM/f=tee .O 
i 50 354 254 3 ese 
100 340 32+ 3t 934 47 
Thiouracil 0.2% 374 42+ 9t 114 Se 
273 355+ 68: 141.4+19.9t 
Exp. 2 (May) 
Control 379 24+ 2 6.34 .5 
Chlortetracycline 10 401 24 =e 9 5.9 = 5 
‘ 100 444 34+ 2t aha ae 
‘ 500 449 35+ Qt 7.64 4.4 
x 1000 423 387+ 3¢t 8.64 .6f 
Thiouracil 0.2% 231 164 + 33t 71.1 +14.1t 
Exp. 3 (June) 
Control 324 254+ 2 78+ 9 
Chlortetracycline 100 372 30+ 1+ 8.04 1 
23 500 Byial 25 2 80+ 5 
af 1000 369 3874 2t 98+ .6 
Thiouracil 0.2% 206 145 + 26¢ 60.3 +10.44 
Exp. 4 (Sept.) 
Control 320 264+ 2 814+ .4 
Chlortetracycline 100 Rew 26+ 2 79+ .8 
2 500 350 284+ 1 81+ 3 
a 1000 328 30+ 1 914+ .5 
Thiouracil 0.2% 142 188 + 22¢ 76.3 +10.9¢ 


* Avg and stand. error. 


”? 


+ 
ty 


size at the same rate as that observed at the 
lower levels. 

Since these trials covered a period of 6 
months and the effect of chlortetracycline on 
thyroid size was less in the later replications, 
a seasonal response to chlortetracycline by the 


TABLE III. Analyses of Variance of Actual Thy- 
roid Weight. 


Exp. Source of variation df. mS. F-ratio 
1 Control versus drug 1 657.02 11.92* 
Levels of drug 2 680.49 12.34 
Error 34 55.13 
2 Control versus drug IL eel 13.92* 
Levels of drug 3) 302.07 8.88* 
Error 44 39.65 
3 Control versus drug  RRPRUEL 10.07* 
Levels of drug BANG By 4.12 
Error 34 29.01 
4 Control versus drug 1 39.59 TD) 
Levels of drug 2 60.65 2.74 
Error 27 22.17 


* Significant at 1% level. 
Data from birds receiving thiouracil not in- 
eluded in table. 


+ Significantly different from control group 


at 5% level (t-test). 
” 1% 39 9? 


thyroid is suggested. It was noted that the 
maximum. growth response to chlortetracy- 
cline was obtained when the antibiotic was 
fed at a level of 100 mg/kilo of diet. As 
stated above, a similar effect on thyroid size 
was also noted. The thyroidal enlargement 
produced by feeding 0.2% thiouracil was 
much greater than that observed in the groups 
receiving chlortetracycline. The thiouracil 
treatment also produced the expected growth 
depression. 

No attempt is made to explain the mechan- 
ism of the action of chlortetracycline on the 
thyroid gland based on these data. Chlor- 
tetracycline caused an increased thyroid size 
without a concurrent reduction in growth rate. 
Indeed, in most cases, growth was stimulated 
by this treatment. Apparently chlortetracy- 
cline did not act in the same manner as does 
thiouracil which inhibits thyroxine formation 
and thus interferes with growth. These data 
permit the postulation that the antibiotic 
stimulated the pituitary to increase its output 
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of thyrotropic hormone, which, in turn, in- 
creased the size and possibly the activity of 
the thyroid gland. 

Summary. Chlortetracycline was fed to 
chicks at levels of 10, 50, 500, and 1000 mg/ 
kilo of diet. The data show that this treat- 
ment significantly increased the size of the 
thyroid gland. Examination of the data by 
regression analysis gave b-values to show that 
antibiotic dosage up to 100 mg/kilo of diet 
was correlated to increase in thyroid size. In- 
creasing the antibiotic dosage above this level 
did not increase the thyroid size at the same 
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rate. Since the growth of the chicks was not 
depressed and the thyroid was not enlarged 
as much as it was when thiouracil was fed, it 
appears that chlortetracycline did not dupli- 
cate the action of thiouracil. 
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H. G. Swany, F. W. FE!st, AND H. J. Lowe. 


From Departments of Physiology and Biochemistry, University of Texas Medical Branch, 
Galveston, Texas. 


When a hemostat is set on the renal pedicle, 
thus occluding the kidney’s artery, vein and 
ureter, and then the kidney removed and the 
hemostat unclamped, a considerable quantity 
of fluid flows out. Its volume is equal to 22% 
of the volume of the normally distended kid- 
ney(1). Two aspects of this phenomenon 
have been investigated: the source of the fluid 
and its composition. 

Methods. Dogs were used, anesthetized 
with sodium pentobarbital. The kidney was 
isolated by a flank approach, the dog being 
suspended on hooks in the standing position 
so that the kidney could be well visualized. 
All collateral circulation to and from the cap- 
sule was obviated by dissecting the kidney 
free from the peritoneum and other mem- 
branes, leaving the organ finally isolated from 
the body except for the artery, vein and 
ureter. After the surgical procedures, some 
30 minutes were allowed to pass in order to 
permit recovery from trauma. 1. Source of 
draining fluid. After putting the hemostat on 
the vessels of the pedicle, either the artery or 
the vein was cannulated and the quantity of 


* This work was supported by grant from the 
Life Insurance Medical Research Fund. 


fluid draining was measured. It was found 
that almost the entire volume of 5-15 ml, de- 
pending directly on the size of the kidney, 
drained from the vein, whereas only 0.1-0.5 
ml drained from the artery. None, further- 
more, drains from the ureter: before clamping 
the hilar vessels, it was catheterized with 
polythene tubing, the tip of the catheter being 
run into the pelvis. Then the artery and vein 
were simultaneously clamped. Urine flow 
ceased at once; there was no spurt of urine 
from the catheter, not even of a few drops. 
But when the vein was cut, the entire volume 
of fluid drained out, amounting, as indicated 
above, to about 22% of the functionally 
distended organ. 2. Composition of fluid. 
The ureter was catheterized in all experiments 
to make sure that the kidneys were function- 
ing normally. An arterial blood sample was 
then drawn from the carotid artery, using 
heparin as anticoagulant. A few seconds later 
the renal blood vessels were doubly clamped, 
the kidney removed by cutting between the 
clamps and the organ put into a beaker. The 
vein was quickly cut and the organ allowed to 
bleed freely, heparin being used as anticoagu- 
lant. The kidney was not touched or 


FLUID FROM FUNCTIONALLY DISTENDED KIDNEY 


219 


TABLE I. Analyses of Arterial Blood and Kidney Samples. 


Plasma 
Kidney Sample MHemato- protein, Na, 1s Cl, Vol of fluid 
Dog. No. No. from: crit, % g % mE/L mE/L mE/L draining+ 
I A A* 31 fl stip eee ey 114 
K 12 6.4 151 5.0 145 24 
B A 32 6.2 147 4.3 109 
K 15 3.4 143 7.9 125 22 
II A A 50 5.4 147 6.4 116 
K 34 4.4 153 14.5 123 13 
A 48 4.0 134 5.5 108 
K 30 2.9 138 10.5 127 30 
Ine A A 43 4.7 140 4.7 142 
K 30 3.8 140 Cedi 132 13 
A 40 3.4 140 5.2 100 
K 32 2.9 120 lel! 124 21 
VIN A 44 4.7 120 4.9 114 
K 34 2.9 115 10.3 130 19 
A 49 4.9 115 4,8 110 
K 34 2.2 120 10.5 126 17 


Bova Aber m is — Kidney. 


t Expressed as ratio of volume of fluid draining to volume of distended kidney times 100, 


i.e. % of functionally distended kidney. 


squeezed, but the beaker was gently whirled 
in order to mix the escaping fluid with anti- 
coagulant. About five minutes were allowed 
for the process of drainage. (We shall des- 
ignate the samples collected in this manner as 
“kidney fluid.”) The following analyses 
were done on all samples: a. Hematocrit. 
b. Plasma proteins by the Biuret method(2). 
c. and d, Plasma sodium and potassium with 
a Beckman spectrophotometer with flame at- 
tachment. e. Plasma chloride by the method 
of Schales and Schales(3). 

Table I shows the results. Each of the 4 
dogs contributed 2 kidneys to the experiment. 
In all cases, the vein of the first kidney (No. 
A) was opened 30 seconds after the renal ar- 
tery and vein had been clamped but the vein 
of the second kidney (No. B) was opened 2 
minutes after the 2 vessels had been clamped. 
The experiment was done in order to ascer- 
tain whether a short delay in opening the vein 
would influence the results. It will be ap- 
preciated from inspecting the table that such 
a delay had no clear-cut effect. 

The fluid draining from the kidneys aver- 
aged 20% of their functionally distended vol- 
umes. It differed from arterial blood in many 
respects. There is considerable individual 
variation, as Table I shows, but the trend in 


all cases is uniform: the kidney fluid has a 
relatively low hematocrit. Its plasma has 
less protein than the arterial sample, the same 
quantity of Na, and more K and Cl. In 
Table II are shown the averages of these 
analyses and also the ratios of the content 
of the substance in the kidney sample to that 
in arterial blood. 


The fluid draining is evidently a mixture of 
blood with some other fluid; we shall refer to 
this additional fluid as ‘‘diluting fluid.””, Many 
of its characteristics may be calculated. 
Taking the hematocrit as index of dilution, 
the volume of the “diluting fluid” (V) is 
v= Ha - Hx 

Hx 

H, and Hx refer to the hematocrits of 
arterial blood and kidney fluid, respectively. 
The volume is found to average 0.5 ml of 
diluting fluid added to each ml of blood. The 
fluid draining from the kidney under the con- 
ditions of the experiment is therefore about 1 
part diluting fluid to 2 parts whole blood, or 
some 6.7 ml of diluting fluid and 13.3 ml of 
blood per 100 ml of functionally distended 
kidney. 

The composition of the diluting fluid may 
also be calculated with respect to protein and 


given by the formula: 
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TABLE II. Averages and Ratios of Substances in 
Arterial Blood, Kidney Fluid, and Diluent of Kid- 
ney Fluid. 


Hemato- Plasma 


erit protein Na K Cl 
Sa 42 5.1 137 5.1 114 
Sx 28 3.6 135 9.3 129 
Sx/Sa 67 sal 1 0 1.8 Aaa) 
Sp 1G 133 14.2 146 
Sp/Sa 30 1.0 2.8 1.3 


*§ refers to quantity of given substance, in 
units used in Table I. Subscripts A, K and D re- 
fer to arterial blood, kidney fluid and diluent of 
kidney fluid, respectively. 


salts. The following formula was used:' 


See eee Le ee 
100 V 

when Sp, Sx and Sy refer to the substance 
whose concentration is being examined, 
whether for diluting fluid, kidney fluid or ar- 
terial blood respectively. It is assumed in 
the calculation that the hematocrit gives an 
accurate measure of the volume of the dilut- 
ing fluid. It is also assumed that the forma- 
tion of urine exerts a vanishingly small in- 
fluence on the blood passing through the kid- 
ney, an assumption felt justified because 
blood flow through the kidney is so large 
that arterio-venous differences for the sub- 
stances under consideration are probably in- 
significant (see 4,5). 

In Table II are shown the results of the 
calculations, the amounts of the various sub- 
stances in the diluting fluid and their ratios 
to arterial blood content being shown. The 


diluting fluid contains, apparently, 1.8 ¢ % . 


protein, over 2 times more K than blood 
plasma, 1.3 times more Cl than blood plasma 
and the same quantity of Na. 


Discussion. The origin of the fluid drain- 
ing from the kidney, under the conditions of 
the experiment, is enigmatic. There is reason 
to believe that it is none of the following: 
1) blood from which urine has been ab- 
stracted, 2) a mixture of blood and intersti- 
tial fluid, 3) a mixture of blood and lymph, 
or 4) a mixture of blood and intracellular 
fluid. First, if it were blood from which urine 
had been abstracted, it should contain less 


+ The derivation of this formula will be given in 
a subsequent report. 


water than blood. But it contains more, using 
either the hematocrit or the plasma proteins 
as index of hemodilution. Second, it is pre- 
sumably not a mixture of blood and intersti- 
tial fluid, since both fluids contain about the 
same quantity of K and Cl(6), whereas the 
kidney fluid is high in the two ions. Third, 
the same course of reasoning indicates that it 
is not a mixture of blood and lymph(7). 
Fourth, because intracellular fluid has little 
or no NaCl in it(6), if it were mixed with 
blood, the resultant fluid would be low in 
NaCl. But the kidney fluid is normal in Na 
content and high in Cl. In summary then, 
the kidney fluid appears to be none of the 
four special fluids mentioned. 

There remains the possibility that it is a 
mixture of blood and tubular urine. It is our 
present hypothesis that this is the case and 
that the kidney is functionally distended with 
urine as well as blood. The tubular urine 
would perhaps start to reenter the vascular 
system at once after the artery and vein had 
been clamped; the osmotic pressure of the 
plasma proteins would act to draw tubular 
water, along with small-particle solutes, back 
into the vascular system. Then when the 
vein was cut, the mixture of fluids would drain 
out. If the hypothesis is correct, the kidney 
fluid and, pari passu, the diluting fluid should 
reflect the tubular composition of various sub- 
stances. Thus, the high content of Cl is per- 
haps a reflection of the high level of Cl known 
to be present in proximal tubular urine(8). 
Similarly, the composition of pelvic urine is a 
partial reflection of the composition of tubu- 
lar urine; hence, if our hypothesis is correct, 
pelvic urine should be related in some manner 
to the fluid draining from the functionally dis- 
tended kidney. These data are now being ob- 
tained. Until they become available, further 
speculation about the source and nature of 
the fluid is idle. 


Summary. When the renal artery and vein 
and ureter are simultaneously occluded and 
then the renal vein cut, there flows out of the 
kidney a volume of fluid equal to about 20% 
of the functionally distended kidney. Little 
or no fluid flows out, in the same experiment, 
if only the artery or the ureter is cut. The 
fluid draining from the vein was analyzed, 
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along with a simultaneously drawn sample of 
systemic arterial blood. The ratio of the 
kidney fluid to the arterial blood for hema- 
tocrits was 0.67; those for the 2 plasmas 
were: for plasma proteins, .71; for Na, 1.0; 
fork, 18> and-for Cl. 11. 
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A Practical Method of Anesthesia for Prolonged Surgical Procedures 


on the Goat.* 


(21543) 


Rosert M. Wuitrock AND H. J. McCorxktr. (Introduced by Harold A. Harper.) 


From the Surgical Research Laboratories, University of California School of Medicine, San Francisco. 


Anesthetic procedures may be associated 
with a high mortality in the goat when the 
operating time exceeds one hour. A progres- 
sive anoxia results from the accumulation of 
secretions in the very long trachea of the goat. 
These secretions are primarily derived from 
continued and excessive salivary secretion 
that is not blocked by atropine in doses of 0.5 
to 1.0 mg. The short bite and long trachea 
of the goat make intubation and _ tracheal 
aspiration by the oral route practically impos- 
sible. Along with anoxia, the depression of 
respirations caused by intravenous sodium 
pentobarbital anesthesia becomes apparent as 
the operation continues for a considerable 
period of time. Ether anesthesia has also 
been used and difficulties similar to those with 
sodium pentobarbital have been observed. 


Uniformly good results were obtained when 
a low tracheotomy was combined with intra- 
venous anesthesia that was administered by 
small, repeated injections of sodium pento- 
barbital into a continuous intravenous jugular 
vein drip. The head of the goat was always 


*Supported by the Christine Breon Fund for 
Medical Research. 


placed in a dependent position over the edge 
of the operating table so that salivary secre- 
tions could drip freely from the nose and 
mouth. Tracheal compression resulting from 
this position caused no difficulty because of 
the free airway achieved with the low trach- 
eotomy. 

Lengthy (4 to 6 hr) surgical procedures 
were carried out in a series of 10 goats, using 
this anesthetic method. All goats tolerated 
the anesthesia without evidence of anoxia or 
other complications related to the anesthetic 
method. The tracheotomy tubes usually 
were removed on the fourth postoperative 
day. The only postoperative complication 
was an extensive subcutaneous emphysema, 
which occurred when the rubber intratracheal 
tube was removed during the first postopera- 
tive day in one animal. 


Summary. Anesthesia for lengthy surgical 
procedures in goats was accomplished by the 
intermittent administration of sodium pento- 
barbital into a continuous intravenous (jugu- 
lar) infusion. Adequate airway was main- 
tained with a low tracheotomy. 


Received December 14, 1954. P.S.E.B.M., 1955, v&8. 


Maintenance of Physiologic Temperatures by Halogenated Corticoid in 


Adrenalectomized Mice Given Brucella Somatic Antigen.* 


(21544) 


FRANz HALBERG AND WESLEY W. SPINK.t 


From the Departments of Physiology and Medicine, University of Minnesota and Cambridge 
State School and Hospital, Cambridge, Minn. 


The temperature reaction of mice to the 
somatic antigen (“endotoxin”) of Br. meli- 
tensis has been the subject of earlier work 
from this laboratory(1). During those inves- 
tigations it was noted, first, that a decrease in 
rectal temperature below the range of physi- 
ologic variation usually preceded by several 
hours the occurrence of death from endotoxin. 
Second, in adrenalectomized mice, this hypo- 
thermia was induced by lower doses of endo- 
toxin and occurred earlier as compared with 
intact mice. Third, some protection against 
the hypothermia was afforded by the simul- 
taneous administration of cortisone acetate 
or, at higher dose levels, by the administration 
of desoxycorticosterone acetate. In this re- 
port, the protective effects against hypother- 
mia of a corticoid bearing a halogen atom in 
the 9 a-position will be compared with the cor- 
responding biological activity of cortisone 
acetate. 

Materials and methods. Five groups, com- 
posed each of 12 male CBC mice, 2 months 
of age were used. Purina Fox Chow and tap 
water were available to the mice ad libitum 
from weaning and throughout the experiment. 
For 7 days prior to the study the mice were 
kept singly housed in a room illuminated by 
artificial light only. A clock-controlled switch 
turned the lights on at 06:00 and off at 18:00. 
The mice were adrenalectomized between 
08:00 aid 12:00 and were tested during the 
afternoon of the same day. The Brucella en- 
dotoxin employed was a Boivin-type of anti- 
gen(2,1), suspended in saline. Each mouse 
was injected intraperitoneally with 0.2 mg of 
endotoxin with or without additional corti- 
coids. The corticoids used were saline sus- 


* This investigation supported by grants from the 
Minn. Div. of the Am. Cancer Society (5575) and 
from the U. S. Public Health Service (G-4158). 

t The authors acknowledge gratefully the technical 
assistance of Paul Albrecht, and the statistical help of 
Lillian R. Elveback, and Fred K. Okano. 
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FIG. 1. Rectal temperature of adrenalectomized 


male CBC mice, given somatic antigen of Brucella 
melitensis (endotoxin) with and without additional 
corticoid treatment. (12 mice/group.) 


pensions of 9 a-fluorohydrocortisone acetate? 
and of cortisone acetate.t Rectal tempera- 
tures were measured by means of a thermis- 
tor-bridge circuit(3-4) at fifty minute inter- 
vals for 6 hours postinjection. Room tem- 
perature during testing was 24.5 + 1°C. 

Results. The median rectal temperatures 
of the groups investigated may be seen in 
Fig. 1. It may be noted from this figure, first, 
that the rectal temperature of the mice re- 
ceiving only endotoxin is consistently lower 
than is the temperature of the treated groups. 
By 250 minutes after injection, the rectal 
temperature of the untreated group ap- 
proaches room temperature; none of these 
mice had died at this time-point. 

By contrast, the temperature of the mice 
receiving endotoxin with added 25 y of 9 a- 
fluorohydrocortisone acetate is maintained 
within the physiologic range of temperature 
variation, throughout the entire test-period. 
At the 2.5 y dose level, 9 a-fluorohydrocorti- 
sone acetate is clearly less potent than at the 
25.0 y dose level, yet its effect compares favor- 


¢ Kindly supplied by Dr. Elmer Alpert, of Merck 
and Co., Rahway, N. J. 


PROTECTION AGAINST ENDOTOXIN BY 9 a-FLUOROHYDROCORTISONE 


TABLE I. Analysis of Variance Summary.* 
a ne a ee ee 


Source of variation DF ss MS Ft 
(a) Drug effects at 2.5 y dose level 

Drugs 1 75.4148 75.41 22.1$ 

Mice on same drug 22 74.9854 3.41 

Times 5 329.3859 65.87 15.8§ 

Drug X time 5 41.9657 8.39 2.0 

Mouse X time 110 457.5428 4.16 


(b) Drug effects at 25.0 y dose level 


Drugs 1 297.7638 297.76 99.96 
Mice on same drug 22 65.6207 2.98 
Times 5 54.9629 10.99 2.8 
Time X drug 5 26.5970 5.32 1.4 
Mouse X time 110 431.1732 3.92 
(¢) Entire experiment (a + b) 
Drug 1 336.4418 336.44 105.16 
Dose 1 127.6536 127.65 39.9% 
Dose X drug WW OR GXO aXeGiel 9 alias 
Mice on same drug 44 140.6061 3.20 
and dose 
Time 5 322.9071 64.58  16.0$ 
Drug X time 5 67.0548 13.41 3.3$ 
Dose X time 5 61.4418 12.29 3.0¢ 
Drug X dose X time 5 1.5079 30 
Mouse X time 220 888.7160 4.04 


* The breakdown into parts a, b and ¢ exhibits 
with the analysis of the experiment as a whole 
also the drug effects at each dose level. The latter 
were the main points of this investigation. 

+ Level of significance. 

t Below 5%. 

§ Below 1%. 


ably with the effect of 25.0 y of cortisone ace- 
tate. 

The results of an analysis of variance, car- 
ried out on the data shown in Fig. 1 are sum- 
marized in Table J. It is readily apparent 
that at the two dose levels chosen for com- 
parison, the differences between the effects 
of cortisone acetate and those of 9 a-fluoro- 
hydrocortisone acetate were significant below 
the one per thousand level. The analysis of 
the results of the entire experiment (pooled 
data in Table I) reveals further that for each 
of the two drugs the increment in dose tested 
in this study resulted in a significant incre- 
ment in response (P<0.001). 

Discussion. The enhancement of several of 
the biologic activities of corticoids by the sub- 
stitution of halogen atoms in the 9 a-position 
has been the subject of recent reports(5-10). 
The results reported herein seem to support 
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the view that the substitution of a fluorine 
atom in the 9 a-position results also in the 
enhancement of the well known antitoxic ac- 
tivity of corticoids. 


Summary. Brucella somatic antigen was 
given intraperitoneally to five groups of 
adrenalectomized male CBC mice, kept under 
standard conditions. Four of these groups re- 
ceived additional treatment consisting of 
either 2.5 y or of 25.0 y of 9 a-fluorohydrocor- 
tisone acetate or of cortisone acetate. The 
rectal temperatures of these mice were meas- 
ured by means of a thermistor-bridge circuit 
at 50 minute intervals for a six-hour period. 
Mice given only the endotoxin showed a pro- 
gressive decrease of the rectal temperature to 
the level of the room temperature. Both 9 
a-fluorohydrocortisone acetate and cortisone 
acetate protected against this hypothermia in- 
duced by endotoxin, but the former compound 
was decisively more potent than was the lat- 
ter. The substitution of a fluorine atom in 
the 9 a-position of a corticoid seems to be as- 
sociated with a clear and statistically signifi- 
cant enhancement of antitoxic activity. 
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Effects of Transfusions of Lipemic Plasma.* 


(21545) 


B. G. P. SHarirorF, J. H. MULHOLLAND, AND H. C. BARON. 


From Department of Surgery, New York University College oj Medicine. 


In the present study a natural fat emulsion 
in the form of lipemic plasma was adminis- 
tered intravenously into a selected group of 
volunteer patients and the resultant effects 
determined. The nutritive value of lipemic 
whole blood and of its derivative lipemic 
plasma has not been previously explored. 
Heretofore lipemic blood has been considered 
clinically unsuitable for transfusion purposes 
and has been usually withheld at the blood 
bank because of the following possible contra- 
indications; presence of fatty hemolysins(1), 
alterations in red cell fragility(2) and forma- 
tion of free fatty acids in toxic quantities(3). 
However these latter contraindications have 
been based on tests made im vitro and have 
not been generally confirmed. Furthermore, 
fatty chyle, also a natural fat emulsion closely 
related to lipemic plasma has been infused in- 
travenously into patients without toxic mani- 
festations or other detrimental effects(4). 

Method of study. Lipemic plasma was 
especially processed for this study by the 
Inter-County Blood Bank, Queens, N. Y. 
Plasma free of hemoglobin and containing a 
minimum of 5 g % of total lipids was pooled 
and bottled 500 ml per flask. Each experi- 
ment was started at 8 A. M. after the subject 
completed a fasting period of 14 hours. 
Lipemic plasma in units of 500 ml or multi- 
ples thereof was infused at 3-5 ml/minute. 
The subjects’ temperature, pulse, respirations 
and blood pressure were recorded at hourly 
intervals. Samples of oxalated blood were 
drawn at hourly intervals for the following 
determinations; red and white blood cell 
counts, hemoglobin concentration (Sahli), 
hematocrit cell volume and_ sedimentation 
time (Wintrobe), plasma hemoglobin(5), to- 
tal lipids(6), chylomicron counts(7), and red 
cell fragility (Sanford) (8). 
intervals catheterized samples of urine were 


* Aided by grants from E. F. Drew & Co., from 
Schenley Laboratories. Clinical investigation done at 
Goldwater Memorial Hospital (N. Y. University) 


Also at specific. 


drawn for routine analysis, for qualitative de- 
tection of lipids (Sudan III, alcohol mixture), 
and for determination of urine hemoglobin 
(Ortho-tolidin Test). Standard fragility test 
was performed on red cells derived from pre- 
and post-infusion samples of blood. Fragility 
test #1 was made on red cells obtained from 
recipient prior to infusion of lipemic plasma. 
Fragility test #2 was performed to determine 
fragility of erythrocytes exposed to lipemic 
plasma in vitro. The latter test was made on 
2 ml of a sample suspension of red cells ob- 
tained from pre-infusion blood sample mixed 
with an equal volume of donor lipemic plasma 
and incubated for a period of 90 minutes at 
37.5°C. The standard test for fragility of 
red cells was performed. A drop of blood 
from the red cell suspension obtained from 
the latter incubation mixture was added to 
each of a series of test tubes containing 25 
drops of saline in concentrations from 0.3% 
to 0.65% with increments of 0.03%. The 
dilution at which hemolysis began and ended 
was noted. Fragility test #3 was made on red 
cells obtained from subject after transfusion 
of lipemic plasma. A minimum of three post- 
infusion tests was done to determine effect 
of lipemic plasma on circulating red blood 
cells. 


Results. A total of 50 transfusions of lip- 
emic plasma was administered intravenously 
into 18 subjects. Of these, 8 received a single 
unit of plasma (500 ml), 6 were infused with 
3 units of plasma (1500 ml) and 4 received 2 
units of plasma (1000 ml) daily for 3 days. 
A temperature elevation averaging 3.1°F 
above normal was noted in association with 
4 transfusions. When the febrile reaction ap- 
peared in these 4 subjects, it began as the 
infusion was nearing completion, persisted up 
to 3 hours and then returned to normal. A 
febrile reaction did not occur with the other 
46 transfusions. No other type of constitu- 
tional reaction was observed except ior ea 
shaking chill in conjunction with one of the 
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TABLE I. Protocol Showing Response of Subject J.L. to Infusion of 500 ml of Pooled Plasma 
Containing 5.25 g/% of Total Lipids. 
}8scasS——s————Ss—eaoOa0Naeo®o—Oo 


ae End of Post-infusion End of 
Pre-infusion Mid-infusion infusion 4 hr study period 
any 98.6 99.0 B816 Sinem tooe 98.8 
White cell count 6,950 12,800 13,450 11,000 8,200 
Red re 4,250,000 3,920,000 3,850,000 4,010,000 4,380,000 
Hemoglobin, ¢/% 12.5 10.5 10.0 12 12.8 
Hematocrit cell vol 47 45 43 46 50 
Sedimentation time, min. 2 8 10 6 
Total lipids, ¢/% 1.56 80 1.88 1.82 1.44 
Total cholesterol, mg/% 380 3) 325 376 402 
Plasma Heb, mg/% 2 2 0 0 
Chylomicrons count 20 16 172 54 28 
oA Jo 
Fragility test 1 B—.45 — — — —_ 
C—.33 
2 B—.51 — = = can 
C= 
Jo J %o Je 
3 == B—.51 B—.48 B—.48 B—.48 
fore 


C—.45 J—.39 


B= Beginning of hemolysis; C = Complete hemolysis. 


4 transfusions mentioned above. 

Concentration of hemoglobin, number of 
red cells and hematocrit cell volume showed 
only the temporary effect due to hemo- 
dilution. Sedimentation rate was not altered 
significantly. In 26 transfusions, a moderate 
leukocytosis predominantly neutrophilic in 
character was noted. Total blood lipids rose 
rapidly during transfusion of lipemic plasma 
but returned to normal limits within 3 to 4 
hours after completion of injection. In 3 
cases blood lipids persisted at an elevated 
level for approximately 6 hours post-infusion. 
Several partition studies of total lipids failed 
to show any characteristic trend except for a 
slight rise in normal fat. Chylomicron counts 
of peripheral blood usually were found to par- 
allel the values and trends indicated by the 
chemical tests. Urinalyses made during study 
period were within normal limits. A lipuria 
of significance did not occur in any subject. 
All tests for urine hemoglobin were negative. 
Data from a typical experiment have been re- 
corded in Table I. 

Results of Fragility test #1 were within ac- 
cepted normal limits in all subjects. Hemoly- 
sis in preinfusion blood samples began at 
0.45% and was complete at 0.33%. After 
exposure to lipemic plasma in vitro (Fragil- 
ity Test #2), the erythrocytes of 6 subjects 
showed an increased susceptibility to hemoly- 


sis. Hemolysis in this group began earlier, 
usually at 0.51%, and was complete at 0.45% 
or 0.42%. In the immediate post-infusion 
blood sample and in the 4 hour post-infusion 
blood sample, erythrocytes exposed to lipemic 
plasma in vivo showed alterations in fragility 
similar to the im vitro tests. At end of study 
period, fragility of the erythrocytes returned 
to normal limits in all cases. Free hemo- 
globin appeared in the circulation plasma and 
rose to an average of 36.5 mg % within 4 
hours post-infusion in the 6 cases. Correla- 
tive data on temperature reaction, hemo- 
globinuria and hemolysis pertaining to 4 sub- 
jects have been included in Table II. In the 
other 2 subjects although hemoglobinemia 
and increased fragility of red cells were noted, 
a temperature elevation did not occur. In 
all the 6 cases manifesting hemoglobinemia, 
post-infusion urine samples were negative for 
hemoglobin. 

Discussion. Except for temperature reac- 
tions which occurred in 8% of all transfu- 
sions, lipemic plasma administered intraven- 
ously was well tolerated. By contrast, the 
incidence of reactions to intravenous infusions 
of artificial fat emulsions ranged about 
20%. FPost-transfusion temperature eleva- 
tions seemed to be correlative with hemo- 
globinemia due to intravascular hemolysis. 
Thermogenicity of osmotically and chemically 
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TABLE II. Observations on 4 Patients Having Reactions following the Infusion of Lipemie 
Plasma. 
-——Casel——_, (——Case2——, ,;—-Case3——, .——Case4——\ 
eke MPt de MP 12 MP Ie MP 
sire, -" *SO8(6 dan | TO 1so oipme oS SuueenTOiee 98.8 100.8 98.8 100.2 
Plasma Hgb, 2 48 0 54 il 20 0 24 
mg/% 
Urine Hgb, 0 0 0 0 0 0 0 0 
mg/% 
% Jo %o % % % % % 
Fragility test 1 B—45 — Boo eta ey B45 
C—.39 C—.45 C—.42 C—.42 
2 B—.51 — B—.57 = B—.54 — B—.51 = 
C—.39 C45 C—.42 C—.42 
3 — B—.60 — B—.57 -— B—.48 — B—.54 
C—.51 C—.48 C—.42 C—.45 


B= Beginning of hemolysis; C = Complete hemolysis. 


* P — Preinfusion. 


produced hemolysis has been a controversial 
subject and the relationship of extracorpus- 
cular circulation hemoglobin in the produc- 
tion of reactions has not been determined. 
Lysis of erythrocytes caused by exposure to 
lipemic plasma im vitro may be assumed to be 
due to development of a complex hemolytic 
system composed of one or more undeter- 
mined components responsible for the re- 
sultant stromatolysis. Hemoglobinuria as a 
consequence of hemoglobinemia, did not oc- 
cur because renal threshold of 130 mg % 
Hgb. was not exceeded. Lipids derived from 
lipemic plasma and infused into normal sub- 
jects were cleared rapidly from blood without 
excretory loss. Hyperlipemia with delayed 
clearance in 3 subjects could be accounted for 
on the basis of the presence of atherosclerosis. 

Summary. Eighteen subjects received a 
total of 50 transfusions of lipemic plasma 
which was well tolerated. The most signifi- 
cant laboratory tests were associated with 
fragility of erythrocytes exposed to fatty 


+ MP = Maximum post-infusion. 


plasma both in vitro and after injection into 
the circulatory blood. The mechanism for 
alterations in fragility of erythrocytes remains 
undetermined but seems to account for the 
varying thermogenic reaction complicating 
the use of both natural and artificial intra- 
venous fat emulsions. 
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Metabolism of 8-Methyl-C; Fatty Acids by Mitochondria of Rat Liver: 


Effect of Biotin Nutriture.* 


JESSIE E, FISCHER.t 


(21546) 


(Introduced by Henry A. Lardy.) 


From Institute for Enzyme Research, University of Wisconsin. 


Data now available suggest that isovaleric 
acid undergoes activation, dehydrogenation, 
and hydration as do straight chain fatty acids, 
and that the resulting @-hydroxyisovaleryl 
CoA? then fixes CO, to form -hydroxy- 
8-methylglutaryl CoA, which cleaves to ace- 
toacetate and acetyl CoA(1-5). Metabo- 
lism of isovalerate has been shown to occur 
in slices(1,2), homogenates(3), and soluble 
extracts(4) from liver. A very slow oxidation 
of isovalerate by fortified, washed particulate 
preparations of guinea pig liver has been re- 
corded(6), but the conditions for net oxida- 
tion of isovalerate by mitochondria free from 
other cellular components have not been de- 
scribed. The incorporation of C'™ from bi- 
carbonate into acetoacetate in the presence of 
isovalerate has already been shown to pro- 
ceed much more slowly in _biotin-deficient 
liver homogenates than in those from normal 
rats(7), but under these conditions no net 
formation of acetoacetate could be shown 
even in normal animals. The present work 
describes conditions favorable to net oxida- 
tion of isovalerate and net formation of ace- 
toacetate from isovalerate, 3-methyl-2-buten- 
oate, and 3-methyl-3-butenoate by liver 
mitochondria from normal rats, and also 
shows that mitochondria from biotin-deficient 
rats completely failed to produce acetoacetate 
from isovalerate and its unsaturated analogs. 

Experimental. Reagents were obtained as 
follows: disodium ATP, Pabst Laboratories; 
cytochrome c and 65% pure DPN, Sigma; 
3-methyl-2-butenoic acid, Farchan; 3-methyl- 
3-butenoic acid (b.p. 83-85°C at 13 mm 
Hg), synthesized according to Wagner(8); 
all other fatty acids, Eastman. The solutions 


* Supported by a grant from The Nutrition Foun- 
dation. 

+ Fellow of National Heart Institute, National In- 
stitutes of Health. 

t Abbreviations used in this paper: coenzyme A 
(CoA), adenosine triphosphate (ATP), diphospho- 
pyridine nucleotide (DPN). 


of saturated fatty acids were neutralized with 
KOH to pH 7. The unsaturated fatty acids 
were stored at —10°C; solutions were pre- 
pared just before use and KOH added only to 
pH 6. Mature rats of both sexes maintained 
on stock ration of natural feedstuffs were em- 
ployed in experiments with normal animals. 
For studies of effects of biotin deficiency, 
weanling male Sprague-Dawley rats were 
raised on a biotin-deficient diet(9).§ All rats 
were allowed access to feed until time of sac- 
rifice. Analytical methods employed were 
acetoacetate(10), inorganic phosphate(11), 
and nitrogen by micro, direct nesslerization. 
Mitochondrial suspensions(12) averaging 3 
mg N//ml were prepared so that 1 ml was de- 
rived from 1 g fresh liver. Each Warburg 
flask contained 0.5 ml mitochondrial suspen- 
sion, 6 wM ATP, 22.5 »M MgSOu,, 120 »M 
potassium phosphate buffer, 1.5 »M DPN, 
0.03 4M cytochrome c, 6 »M fatty acid sub- 
strate (except that 10 »M of dl-a-methyl- 
butyrate, and 3 »M of caprylate were used), 
and 0.15 M KCl to a total volume of 3 ml. 
Additional components, when present, were 
added at the expense of KCl at following lev- 
els: 10 »M of citrate or glutamate or 5 uM 
of a-ketoglutarate, 30 »M of sodium malon- 
ate, 15 »M of KHCO3. NaOH was used in 
center well except when bicarbonate was add- 
ed to the reaction mixture. The final pH at 
end of 40 minutes incubation was 7.4-7.7, 
which was optimal for the reaction with iso- 
valerate as substrate. After incubation, 
usually for 40 minutes, at 30°C, acetoacetate 
was determined in perchloric acid filtrates of 
flask contents. Acetoacetate formed was 40 
minute value minus a zero time value. When 
acetone dried powders of mitochondria were 
used, they were prepared according to Drys- 
dale and Lardy(4). In experiments with Na 
HC"™“O;, methods used for degradation of 


§ Amounts of vitamins quoted(9) were actually for 
10 g of rather than for 100 g of ration. 
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TABLE I. Requirements for Metabolism of g-Methyl-C, Fatty Acids by Mitochondria. 
Lee SS ———————————————— 


M acetoacetate* = 
ee KHCO, 
No KHCO, KHCO; —- malonate 
Fatty acid additions KHCO; + citrate + malonate + citrate 
Noketi o -— 0 d 0 a E 
+ 8-Methyl acids : ; 
Tsovaleratet 1 ie 1.8 5 a 
3-Methyl-2-butenoate 4 2.3 7 ces 
3-Methyl-3-butenoate 5) 2.1 8 2.6 
Other acidst 
n-Valerate 9 1.3 a) 2.3 
a-Methylbutyrate 3) 2 1.0 3) 
n-Caprylates algal dei! 17 


* Figures represent values of typical experiments except where otherwise indicated. 
+ DPN and cytochrome ¢ omitted; these figures are averages of all experiments done under 


these conditions. 
+ DPN and cytochrome ¢ omitted. 
§ Experimental period 25 min, 


acetoacetate and counting of radioactivity 
were those referred to by Plaut(7). 

Results. Acetoacetate formation from C; 
fatty acids by mitochondria. Rat liver mito- 
chondria failed to produce appreciable 
amounts of acetoacetate from isovaleric acid 
in the standard reaction mixture, whereas n- 
caprylic acid was metabolized readily in this 
system. It is shown in Table I that metabo- 
lism of isovalerate was made possible by addi- 
tion of bicarbonate. This stimulatory effect 
of bicarbonate was not unexpected since CO2 
has been shown in isotopic experiments to be 
incorporated stoichiometrically into the aceto- 
acetate arising from the isopropyl portion of 
isovalerate(2,3). The requirement for bicar- 
bonate demonstrates the compulsory nature of 
COs, fixation in mitochondrial metabolism of 
isovalerate. Malonate, added to prevent 
acetyl CoA oxidation and thus to increase 
acetoacetate formation, always depressed, but 
did not prevent completely, the acetoacetate 
production obtained in presence of bicarbon- 
ate. This depression could be overcome by 
addition of citrate, glutamate, or a-ketogluta- 
rate along with bicarbonate and malonate. 
Although choline was oxidized nearly half as 
rapidly as a-ketoglutarate, no stimulation of 
acetoacetate production from isovalerate was 
obtained with choline. Since phosphorylation 
accompanying oxidation of choline has been 
demonstrated with mitochondria(13), it ap- 
pears that stimulation by di- and tricarboxylic 


acids probably cannot be explained solely by 
the generation of ATP in oxidative phos- 
phorylation. Combination of bicarbonate, 
malonate and di- or tricarboxylic acid consis- 
tently resulted in the greatest yields of aceto- 
acetate from isovalerate. The presence of 
citrate along with bicarbonate in the absence 
of malonate always resulted in accumulation 
of considerable amounts of acetoacetate, since 
two-thirds or more of the acetoacetate pro- 
duced during isovalerate metabolism is 
formed from the isopropyl group by fixation 
of CO2(2), and acetoacetate is not further 
metabolized appreciably by rat liver(14) even 
when citric acid cycle is operative. 
Metabolism of the 2 unsaturated B-methyl- 
C; fatty acids 3-methyl-2-butenoic and 3- 
methyl-3-butenoic acids, like that of their sat- 
urated counterpart, isovaleric acid, proceeded 
very slowly in the standard system (Table I). 
Acetoacetate formation from these unsatur- 


‘ated acids also was stimulated by bicarbonate, 


depressed by malonate in the presence of bi- 
carbonate, and stimulated by citrate in the 
presence of bicarbonate especially when mal- 
onate was present. Experiments have shown 
that malonate in the reaction mixture with 
isovalerate prevents resynthesis of ATP: thus 
at the end of 40 minutes of incubation the in- 
crease in inorganic phosphate was over 6 »M 
in presence of malonate, as compared to 0.5 
wM in its absence. The depressing effect of 
malonate upon acetoacetate formation is not 


—————— ee ”—— 
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TABLE II. Fixation of C“ from NaHCO, Ac- 
companying Metabolism of g-Methyl-C; Fatty 
Acids by Mitochondria.* 


A uM Specific Jo of 
. aceto- activity, added 
Fatty acid acetate cts/sece/mM C* fixed 
Tsovalerate 3.24 5,500 6.6 
3-Methyl-2-buten- 5.76 5,400 1s} 
oate 


* DPN and cytochrome ¢ omitted; 3 uM of a- 
ketoglutarate and 4 uM of NaHC™O, added/flask. 
Incubated at 30°C for 60 min. 


observed with m-caprylic, m-valeric, or a- 
methylbutyric acids (Table I). In extracts 
of acetone-dried powder of mitochondria di- 
alyzed 344 hours anaerobically against 0.02 
M pH 7.35 tris buffer in the cold, addition of 
a-ketoglutarate or of malonate had little ef- 
fect upon isovalerate metabolism. When the 
extract was dialyzed for 15 hours, no forma- 
tion of acetoacetate from isovalerate was 
found, although ability to metabolize n- 
caprylate was unimpaired. 

Fixation of Ct* by Mitochondria. Table 
II shows that rat liver mitochondria catalyzed 
fixation of C1! from bicarbonate into aceto- 
acetate produced from isovalerate and 3- 
methyl-2-butenoate, as already reported with 
liver slices(2), homogenates(3), and soluble 
systems(4). No appreciable radioactivity 
was fixed by N-acetyl-S-acetonyl-8-mercapto- 
ethylamine (prepared by reaction of bromo- 
acetone with N-acetyl-@-mercaptoethyla- 
mine; composition of 2, 4-dinitrophenylhy- 
drazone, experimental C 44.4, H 4.7, N 19.9, 
S 8.4 %, calculated C 44.0, H 4.8, N 19.7, 
S 9.0 %) or by S-acetonyl CoA. 

Effects of biotin deficiency. Mitochondria 
prepared from livers of biotin-deficient rats 
were not able to produce acetoacetate from 
isovalerate and its unsaturated analogs in a 
fortified reaction mixture containing bicar- 
bonate, citrate, and malonate in addition to 
standard components (Table III). When 
biotin-deficient animals were injected with 
100 wg biotin daily for 3 days, acetoacetate 
formation was restored. This finding sup- 
ports the previous report that incorporation 
of bicarbonate-C!* into acetoacetate in pres- 
ence of isovalerate is greatly depressed in liver 
homogenates from  biotin-deficient rats(7). 
In contrast to the three @-methyl-C; fatty 
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acids, the other C; acids investigated, n-val- 
erate and a-methylbutyrate, gave rise to ace- 
toacetate in both biotin-deficient and biotin- 
supplemented groups. 


Discussion. Stimulation by bicarbonate of 
metabolism of the three @-methyl-C; fatty 
acids isovalerate, 3-methyl-2-butenoate, and 
3-methyl-3-butenoate, and the requirement 
for adequate biotin nutriture suggest a com- 
mon or similar metabolic pathway in their 
utilization. These data are consistent with 
the mechanism of isovalerate oxidation re- 
viewed under Introduction. The product of 
dehydrogenation of isovaleryl CoA would be 
the acyl CoA derivative of 3-methyl-2-buten- 
oate if a, B-dehydrogenation occurred; how- 
ever, 8, y-dehydrogenation is also a possibil- 
ity, in which case the product would be the 
CoA derivative of 3-methyl-3-butenoate. 


Sensitivity of mitochondrial metabolism of 
£-methyl-C; fatty acids to malonate could be 
explained by ability of malonate to block the 
citric acid cycle, thus preventing resynthesis 
of ATP. Oxidation of isovalerate to aceto- 
acetate would generate, per mole of isovaler- 
ate, only about 2 moles of ATP, one of which 


TABLE III. Effect of Biotin Deficiency upon 
Metabolism of g-Methyl-C; Fatty Acids by Mito- 
chondria. 


Biotin deficient Biotin inj.* 


A uM A uM 
aceto- aceto- 
No.of acetate No.of acetate 
Fatty acid rats range rats range 
None 6 leat 4 4- 6 
@B-Methy] acids 
Tsovalerate 4 —.3- .3 4 1.8-5.6 
3-Methyl-2- 3 silenee, 3 ‘1.5-1.6 
butenoate 
3-Methyl-3- 4 —.2- 4 2 2,1-3.7 
butenoate 
Other acids 
n-Valerate 4 13-200 2 2.9-3.4 
a-Methyl- 3 1.5-2.1 i 2.2 
butyrate 
n-Caprylatet 1 3.2 


Malonate, citrate, and KHCO, present in addi- 
tion to standard components. 

* Prior to sacrifice, 100 wg biotin were injected 
daily for 3 days into biotin-deficient rats; some 
deficient animals were sham injected with distilled 
water. 

+ Experimental period 25 min.; DPN and cyto- 
chrome ¢ omitted. 
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would be required for activation and another 
for carboxylation reaction(5). In contrast, 
n-caprylate, whose metabolism is uninhibited 
by malonate, would give a net gain of about 
14 moles of ATP per mole of fatty acid. Pos- 
sibly citrate, glutamate, and a-ketoglutarate 
stimulate the malonate-blocked system by 
their conversion to succinyl CoA, which could 
then transacylate to activate isovalerate. 
Summary. 1. In a reaction mixture con- 
taining KCl, Mg*+*+, phosphate buffer and 
ATP, net acetoacetate formation from 1-val- 
erate, and u-caprylate by rat liver mitochon- 
dria proceeded readily. Under conditions of 
our experiments, metabolism of isovalerate, 
3-methyl-2-butenoate, and 3-methyl-3 buten- 
oate proceeded only in the additional pres- 
ence of bicarbonate. Malonate markedly de- 
pressed metabolism of the latter three acids 
which occurred in the presence of bicarbonate. 
Cooxidation of citrate, glutamate, or a-keto- 
glutarate overcame this malonate inhibition. 
Malonate did not decrease the yield of aceto- 
acetate from u-valerate, a-methyl-butyrate, or 
n-caprylate. 2. Mitochondria from both bio- 
tin-injected rats and biotin-deficient rats pro- 
duced acetoacetate from n-valerate, a-methyl- 
butyrate and n-caprylate. The @-methyl fatty 
acids, isovalerate, 3-methyl-2-butenoate, and 


3-methyl-3-butenoate were metabolized by 
mitochondria of biotin-injected rats but not 
by mitochondria of deficient rats. 


1. Zabin, I., and Bloch, K., J. Biol. Chem., 1950, 
Vil Sori 

2. Coon, M. J., zbid., 1950, v187, 71. 

3. Plaut, G. W. E., and Lardy, H. A., ibid., 1951, 
v192, 435. 

4. Drysdale, G. R., and Lardy, H. A., ibid., 1953, 
v202, 119. 

5. Bachhawat, B. K., Robinson, W. G., and Coon, 
M. J., J. Am. Chem. Soc., 1954, v76, 3098. 

6. Mufioz, J. M., and Leloir, L. F., J. Biol. Chem., 
1943, v147, 355. 

7. Plaut, G. W. E., Proc. Soc. Exp. BIoL. AND 
Mep., 1951, v78, 769. 

8. Wagner, R. B., J. Am. Chem. Soc., 1949, v71, 
3214. 

9. MacLeod, P. R., Grisolia, S., Cohen, P. P., and 
Lardy, H. A., J. Biol. Chem., 1949, v180, 1003. 

10. Barkulis, S. S., and Lehninger, A. L., zbid., 
1951, v190, 339. 

11. Lowry, O. H., and Lopez, J. A., zbid., 1946, 
v162, 421. 

12. Lardy, H. A., and Wellman, H., ibid., 1952, 
v195, 215. 

133. Rothschild, “HA, Cori, 0; 
E. S. G., zbid., 1954, v208, 41. 

14. Lehninger, A. L., zbid., 1946, v164, 291. 


and Barron, 


Received December 28, 1954. P.S.E.B.M., 1955, v88. 


Regression of Transplanted Rat Lymphoma No. 8 Following Oral Adminis- 
tration of Either 4-(p-Dimethylaminostyryl) quinoline Methiodide or 


Methochloride.* 


(21547) 


BoLanp HucueEs, AuBREY L. Bates, CARL TABB BAHNER, AND MARGARET REED 


LEwIs. 


(Introduced by E. J. Farris.) 


From Department of Urologic Surgery, Hospital of University of Pennsylvania, Wistar Institute of 
Anatomy and Biology, Department of Chemistry, Carson-Newman College, Jefferson City, Tenn. 


Haddow, Harris, Kon and Roe(1) have 
reported on the tumor-inhibitory action of a 
number of styryl quinoline compounds 
against Walker rat carcinoma #256. Among 


* Aided in part by research grants from National 
Cancer Institute, National Institutes of Health, De- 
partment of Health, Education and Welfare, Bethes- 
da, Md. and from The Medical Research Foundation, 
Philadelphia, Pa. and its President, Mr. Lawrence E. 
Jones. 


them they found that 2-(p-dimethylamino- 
styryl) quinoline methiodide (Styryl 15) pos- 
sessed anti-tumor properties; 4-(p-dimethyl- 
aminostyryl)quinoline methiodide and 4- 
(p - dimethylaminostyryl) quinoline — metho- 
chloride were not studied. The testing of 
chemical compounds for potential tumor- 
inhibitory agents is fraught. with uncertainty 
for, even after compounds are selected, there 
remains the problem of what animal tumor 


a 
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ASM. 


TABLE I. Effect of Oral Administration of (A) 4-(p-dimethylaminostyryl) quinoline Meth- 

iodide and (B) 4-(p-dimethylaminostyryl) quinoline Methochloride (Each as a 0.3% Concentra- 

tion in Powdered Purina Fox Chow Diet) on Lymphoma #8 Growing as a Subcutaneous 
Transplant. 30 rats in each experimental series. 


Days of tumor No. of days Avg wt of rats, g ——— 
growth before Avg tumor required After 30 days fol- 
admin. styryl- size before No.of days for tumor Before tumor lowing tumor 
quinoline treatment,mm of treatment regression treatment regression regression 
(A) 4-(p-dimethylaminostyryl) quinoline methiodide 
8 26 X 21 x 22 18 10 229 188 235 
10 32 X 22 X 20 138 10 199 159 215 
12 38 X 22 X 20 12 10 253 219 291 
14 25 X 40 X 21 12 9 161 135 187 
16 29 X 56 X 27 10 10 202 157 229 
(B) 4-(p-dimethylaminostyryl) quinoline methochloride 
10 38 X 22 « 20 11 6 184 150 210 
14 42 X 26 X 24 12 10 187 152 220 
16 30 X 60 X 30 10 10 201 


160 236 


might offer the most favorable test object. 
Rat lymphoma #8, a transplanted tumor 
growing in the inbred strain in which it orig- 
inated, proved to be sensitive to the com- 
pounds selected for trial. Nine styryl quino- 
linest were found to affect the course of this 
lymphoma. Seven of them (2-(p-dimethyl- 
aminostyryl) quinoline methiodide and ethio- 
dide, 2-(p-diethylaminostyryl) quinoline me- 
thiodide and ethiodide, 4-(p-diethylaminosty- 
ryl) quinoline methiodide and ethiodide and 4- 
(p-dimethylaminostyryl) quinoline ethiodide) 
showed tumor-inhibitory properties in varying 
degrees.+ The present study, however, con- 
cerns only 4-(p-dimethylaminostyry]) quino- 
line methiodide and methochloride. 

Lymphoma #8 arose spontaneously in the 
submaxillary region of a female breeder of 
the Wistar inbred strain of rats in 1953(2). 
It has never failed to grow when transplanted 
subcutaneously in rats of this strain. It 
metastasizes to the mediastinal, axillary, in- 
guinal and lumbar lymph nodes of the host. 
The tumor has always been fatal, killing the 
host animal 18 to 24 days after implantation. 
The neoplastic cells invade the surrounding 
subcutaneous tissue and muscles progres- 
sively. 


Procedure. Three hundred sixty inbred 


+ These compounds were synthesized in the labora- 
tory of the Department of Chemistry, Carson-New- 
man College, Jefferson City, Tenn. 

t Details of these studies are reported in a separate 
communication. 


rats (45 to 60 days of age) were implanted 
subcutaneously by trocar with lymphoma #8. 
One hundred twenty rats were used as ex- 
perimental control. The implanted tumors 
in the remaining 240 rats were permitted to 
grow for 8 to 16 days before treatment of the 
host animals. The response of these rats to 
oral administration of the styryl quinolines 
(each as a 0.3% concentration in powdered 
Purina Fox Chow diet) is summarized in 
Table I, which records the average size of the 
tumors before treatment, the average weight 
of the rats before and after treatment, the 
length of treatment and the time required for 
complete regression of tumor. 


Results. The lymphomas in all treated rats 
became flabby, rapidly decreased in size and 
disappeared within 10 days. They did not 
manifest visible areas of necrosis. All 120 
control rats (implanted with lymphoma #8 
at the same time as the treated groups) died 
in 18 to 21 days. The average weight of the 
tumor-bearing control rats (weighed at the 
same time as the experimental groups before 
treatment began) was 194 g; at death it was 
212 g. The average weight of the tumors 
excised from the control rats after death was 
61 g. All rats lost weight during treatment, 
a considerable portion of which was due to 
the loss of the weight of the disappearing tu- 
mor. In the present status of our studies it 
is difficult to evaluate what influence the ac- 
tual body weight loss had on tumor regres- 
sion. Following treatment all rats continued 
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to gain weight during the observation period. 
‘The 240 treated rats remained under obser- 
vation for 60 days after initial treatment was 
stopped. All rats survived the first 30 days 
of this period; in the second 30 days 23 rats 
died. There was no recurrence of tumor at 
the original site in any of the treated rats. 
In the second 30-day period, however, ap- 
proximately 50% of the surviving rats devel- 
oped metastatic growths in the axillary or 
inguinal regions. These regressed completely 
after resumption of oral administration of 
the respective styryl quinoline (again as a 
0.3% concentration in chow) for 10 days. 
Summary. One hundred fifty rats of the 
Wistar inbred strain bearing #8 lymphomas 
which had grown for 8 to 16 days following 
transplantation and had attained sizes rang- 
ing from approximately 26 x 22 x 20 mm to 
50 x 40 x 22 mm, were fed pulverized Purina 
chow containing 0.3% of 4-(p-dimethyl- 
aminostyryl) quinoline methiodide; and 90 
rats bearing #8 lymphomas which had grown 
for about the same number of days and had 
reached about the same size, received chow 
containing 0.3% of  4-(p-dimethylamino- 


STRONTIUM AND CALCIUM.COMPARISON 


styryl)quinoline methochloride. | Complete 
regression of the original lymphoma occurred 
in all the rats during 10 to 18 days treatment 
with the styryl quinoline compounds. There 
was no recurrence of tumor at the original 
site during a 60-day observation period fol- 
lowing the initial treatment. In the latter 
30 days of observation 23 of the 240 treated 
rats died. In this period approximately 50% 
of the surviving rats developed metastatic ax- 
illary or inguinal growths. All of these 
metastases regressed completely after a second 
oral administration of the respective styryl 
quinoline (again as a 0.3% concentration in 
powdered chow) for 10 days. One hundred 
twenty control rats implanted subcutaneously 
with lymphoma #8 at the same time as the 
treated rats died in 18 to 21 days. The aver- 
age weight of the lymphomas excised from 
the control rats after death was 61 g. 


1. Haddow, A., Harris, R. C., Kon, G. A. R., and 
Roe, E. M. F., Phil. Trans. Roy. Soc. London A, 
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Comparative Utilization of Dietary Sr®° and Calcium by Developing Rat 
Fetus and Growing Rat. (21548) 


C. L. Comar,* I. B. WHITNEY,t AND F. W. LENGEMANN. 
From the UT-AEC Agricultural Research Program, Oak Ridge, Tenn. 


The early work of Pecher(1) emphasized 
that there was a close analogy in metabolic 
behavior of Sr®® and Ca*® intravenously in- 
jected into mice, although about 1.7 times as 
much Ca*® as Sr*® was retained. Since that 
time, the similarity in behavior of these two 
elements has been stressed, rather than any 
dissimilarity. The comparative behavior of 
calcium and strontium in the body may be in- 
fluenced by many variables. For example: 
(a) in single dosage studies ion-exchange 


* Present address: Medical Division, Oak Ridge 
Institute of Nuclear Studies, Oak Ridge, Tenn. 

+ Present address: U. S. Atomic Energy Commis- 
sion, New York Operations Office, N. Y. City. 


mechanism may be primarily responsible for 
skeletal accumulation of radioisotopes, which 
would tend to minimize observable differ- 
ences in metabolic behavior of the 2 elements, 
(b) intravenous studies would to a large de- 
gree eliminate the effects resulting from dif- 
ferences in absorption from the G. I. tract, 
(c) a high strontium to calcium ratio in the 
diet may lead to an abnormal functioning, as 
in strontium rickets, (d) nutritional history of 
the animal may be a determining factor, par- 
ticularly in relation to adequacy of diet for 
normal skeletal development, and (e) rate of 
skeletal growth in relation to timing and dura- 
tion of a particular study may have a consid- 
erable effect upon experimental results. 


STRONTIUM AND Catcium CoMPARISON 


The work reported here was designed to 
answer a specific question: what is the com- 
parative deposition of Sr®° and dietary cal- 
cium in the newborn and in the skeleton of 
the rat exposed to continuous ingestion of a 
normal diet in which carrier-free Sr®° has been 
incorporated? Corollary information was ob- 
tained on the contribution of maternal cal- 
cium and maternal Sr®° to the developing 
fetus. 

Methods. Sr®°-labeled feed was prepared as 
follows: Commercial rat pellets (Rockland, 
1.9% Ca) were ground and 500 g mixed with 
about 500 ml of water to which had been 
added approximately 200 wc of carrier-free 
Sr®° as chloride. Substantially lower levels of 
radioactivity would have sufficed for the pri- 
mary objectives. However, the higher levels 
facilitated observations on deposition of Sr®° 
in the fetus after dams had been removed 
from the labeled diet. Each batch was mixed 
for about 20 minutes employing an ordinary 
kitchen mixer. The paste was then rolled 
and cut into squares which were oven-dried 
at 105°C. The squares were moistened 
slightly before feeding to the rats. Analyses 
showed that Sr®® was uniformly distributed in 
the feed and that a reasonably constant Sr?°/ 
Ca ratio could be produced over several 
months of experiment. Highly inbred Wistar 
rats were used. It was satisfactory to employ 
ordinary wire mesh cages with hardware cloth 
flooring arranged so that excreta fell through 
onto removable trays. Possible contamination 
of surrounding area with radioactive feed, ex- 
creta or dust particles was minimized by con- 
struction of a plywood barricade extending 
from table-top on which cages were placed, to 
about 2 ft. above cages. The barricade con- 
tained a simple sliding door arrangement to 
allow access to cages. Careful monitoring 
of area and air during experiment indicated 
that there was no significantly detectable 
spread of Sr®°. When it became evident by 
palpation that a female was about ready to 
deliver the young, the rat was removed to an 
individual cage for close observation. Thus 
it was possible to remove the newborn for 
analysis before suckling when necessary. To- 
tal calcium was determined on feed, newborn 
and bones by the usual methods(2). For the 
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FIG. 1. Experimental plan. 


Sr®° assay, 10 ml aliquots of ash solution were 
liquid counted after a 21 day waiting period. 
The same Geiger counter was used for most 
part throughout experiment and no signifi- 
cantly large changes of sensitivity were noted 
during experimental period. Any such changes 
were unimportant since representative feed 
and tissue samples were counted in batches on 
the same day, and thus all samples were sub- 
ject to the same effect. All values are there- 
fore comparable and expressed in counts/ 
minute of Sr®°/mg calcium. 

The general plan of the experiment is out- 
lined in Fig. 1. 

Comparative utilization for bone growth. 
Table I presents data on Sr®°/Ca ratios of 
long bones from rats raised entirely on Sr®° 
labeled diet. These rats were the offspring of 
dams which had been on labeled ration for 
varying periods of time. As will be indicated 
later, bones of these rats at birth must have 


TABLE I. Comparative Utilization of Sr” and 
Dietary Calcium by the Rat for Bone Formation. 
(Feed contained 1481 + 29 epm of Sr®/mg Ca.) 


Group 
designation Wtatsac- No.of Avg bone value, 
(Fig. 1) rifice, @ rats epm Sr”/mg Ca 
Il 70-100 2 438 + 6.6* 
100-200 4 445 + 20 
200-300 18 402 + 13 
300-400 2 453 + .22 
Weighted avg 417 


* Mean + stand. error. 
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had a value of about 290 cpm of Sr°°/mg of 
Ca. However, by the time they reached the 
body weights indicated in Table I, the bone 
which had been present at birth represented 
an insignificant contribution to values found 
at sacrifice. Since feed averaged 1481 cpm 
Sr®°/mg calcium it is evident that overall util- 
ization for bone growth was 1481/417 or 
about 3.6 in favor of calcium over strontium 
90. The ratio was unaffected by size of rat 
between 70 and 400 g body weight. In a few 
cases, teeth and bones other than long bones 
were assayed, always giving the same results. 
It seemed necessary to make sure that this 
selective calcium utilization was not a result 
of experimental procedure. For example, 
there was the possibility that added Sr®° Cl» 
was not assimilated as well as naturally oc- 
curring calcium of diet. Therefore, an addi- 
tional study was carried out, identical in all 
respects, except that Ca*? Cl. was used in- 
stead of Sr®° Clo. The feed value averaged 
275 + 10 cpm of Ca**/mg Ca; average of 
bones from 20 animals which had formed all 
their skeleton from this feed was 302 + 7. 
Thus, the Ca*® was utilized to the same ex- 
tent as dietary calcium under these conditions. 


Utilization of maternal Sr®® by developing 
fetus: A direct measurement of the transfer 
of Sr®° from the maternal to the fetal skeleton 
was obtained by use of females which had 
been on labeled feed all their lives. These fe- 
males (Fig. 1), presumably with uniformly 
Sr®° labeled bones, were put on a non-radio- 
active normal or low calcium diet and then 
bred (Groups IV and V). Data on Sr9°/Ca 
ratios of newborn are presented in Table II. 
The ratio averaged 33 cpm of Sr9°/mg of Ca 
for newborn from rats on normal calcium diet 
(Group IV). There was a considerable spread 
in values; however, length of time that dams 
were on unlabeled feed did not appear to pro- 
duce a trend. These data can be used to es- 
timate how much of fetal calcium is derived 
from skeleton of the dam and how much from 
dietary intake. The calculation is based upon 
a skeletal Sr°°/Ca ratio of 417 for mothers, 
and upon the assumption that calcium and 
Sr°° released from maternal skeleton were dif- 
ferentially utilized for bone development by 
the factor of 3.6 as already determined for 


STRONTIUM AND CALCIUM: COMPARISON 


TABLE II. Sr® Deposition in Newborn from Fe- 
males that Were Removed from Sr®-Labeled Feed 
and Placed on Normal or Low Calcium Feed. 
(Bones of dams contained 417 epm Sr®/mg Ca, see 
Table I.) 


Day 
that dams 
were on Newborn 
unlabeled No.of values, cpm 


Group designation feed newborn Sr®/mg Ca 
IV, normal calcium 18 7 Ue 
18 7 55.7 
21 3 38.7 
26 3 62.9 
27 5 26.8 
27 1 eo 
42 8 32.3 
75 4 11.6 
75 9 15.2 
78 3 13.4 
189 3 16.9 

33.04 6.5* 
V, low calcium 26 3 62.9 

49 3 146 
104 + 42* 


* Mean + stand. error. 


the growing rat. Unpublished results from 
this laboratory have shown that there is no 
great difference in absorption of calcium and 
strontium from the gastrointestinal tract. 
Thus, the selectivity factor of 3.6 for calcium 
over strontium must result in large part from 
a mechanism which is operative after the cal- 
cium and strontium enter the circulation. It 
seems reasonable that this same mechanism 
would be involved for calcium and Sr®° which 
originate from the maternal skeleton. It can 
then be calculated by the usual methods of 
isotope dilution that 28.6% of fetal calcium 
was derived from the maternal skeleton 


Fehrs 
( —— x 100 = 28.6% ). 
417/3.6 


The newborn from dams that had been re- 
moved from Sr®° labeled diet and placed on. 
very low calcium (0.013% Ca) had a Sr9°/ 
Ca ratio of 104 (Group V). Only 2 litters 
were obtained from this group of animals pri- 
marily on account of the stress of the low cal- 
cium level. The results are not as reliable, 
therefore, as for other groups. However, 
there seems little question that more maternal 


Sr®°° was found in the fetal skeleton under: 


these conditions. Considering that practically 


all of the fetal calcium was derived from the. 
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TABLE III. Comparative Utilization of Sr® and Dietary Caleium by Developing Rat Fetus. 
(Feed contained 1481 + 29 epm Sr®/mg Ca.) 


Group Date females 
designation placed on Dates newborn No. of No. of Newborn values, 
» (Fig. 1) Sr® feed collected litters newborn cpm Sr®/mg Ca 
if 8/21/53 10/20/53-5/21/54 26 177 278 + 6.7* 
I 1/ 5/54 1/28/54-5/27 /54 9 68 314 + 3.9 
IITt Newborn from dams raised entirely on Sr® 17 159 300 + 7.8 
labeled feed 
Avg 291 


* Mean + stand. error. 


t Dams were offspring of 8/21/53 and 1/5/54 females, which offspring were then raised on 
labeled feed and bred to give the newborn for which analytical values are listed. 


mother, and using average value of 104 cpm 
of Sr®°/mg calcium and the factor of 3.6 it is 
calculated that skeletons of dams should have 
had a Sr®/Ca ratio of 374. This is in fair 
-agreement with the experimentally deter- 
mined value of 417 for similar animals. This 
‘provides some measure of support for the as- 
sumption that calcium and strontium 90 re- 
leased from maternal skeleton are utilized by 
the fetal skeleton in a ratio of 3.6 to 1 re- 
spectively. 

Comparative utilization by developing 
fetus: Table III presents data on Sr®°/Ca 
ratios of newborn as compared with this ra- 
tio in the feed of the dam. As indicated in 
‘Fig. 1, Group I newborn were from normal fe- 
males which had been placed on the Sr? la- 
beled feed and bred at varying times there- 
after. Group III newborn were from dams 
that had been raised entirely on labeled feed 
.and presumably had a uniform Sr®° deposi- 
tion throughout the skeleton. It is noted 
from Table III that the overall utilization for 
fetus development was 1481/291 or 5.1 in fa- 
vor of calcium over Sr®°. It is of interest to 
examine the value of 291 cpm of Sr°°/mg Ca 
in the fetus to see if it is consistent with val- 
‘ues determined for bone growth and calcu- 
lated for the contribution of the maternal 
skeleton. Assuming that 71.4% oi the fetal 
calcium is derived from feed with a selective 
calcium utilization factor of 3.6 it is calcu- 
lated that each mg of fetal calcium would con- 


/ 1481 
ainecOi4) A for 297 cpm of Sr? 
SO 


contributed by the feed. If the maternal 
-skeleton contained no Sr®® at all, then the 


expected fetus value would be simply 297. If 
the contributing maternal skeleton contained 
417 cpm Sr®°/mg Ca, the contribution would 
be 33 (determined experimentally) which 
added to the feed contribution of 297 would 
give a total of 330 opm Sr®°/mg Ca. It can 
be seen that these calculated values are con- 
sistent with those of Table III. 

Essentially the same results were obtained 
under the following 3 time relationships: (a) 
on animals born as early as 23 days after nor- 
mal females had been placed on Sr? feed, 
(b) on animals born as long as 9 months after 
normal females had been placed on Sr® feed, 
and (c) on animals born from females which 
themselves had been on Sr®° feed since birth. 
Any differences among these groups would be 
difficult to observe experimentally, because 
the contribution of Sr®°° by even the fully 
labeled maternal skeleton is so small, presum- 
ably on account of the 3.6 factor. It would 
appear likely that in 23 days or less, that por- 
tion of maternal calcium which is to be trans- 
ferred to the fetus has already become fully 
labeled from the dietary intake. This is sup- 
ported by the work of Pecher and Pecher(3) 
who showed that the last calcium fixed in the 
mother’s bones was the first to be removed 
for fetal deposition. Also, the data on the 
rapidity of incorporation in the skeleton of 
an isotope such as radiostrontium(4) and the 
concepts of the ion-exchange mechanism are 
consistent with the possibilities of early at- 
tainment of steady state conditions in the 


“exchangeable” fraction of the maternal 
skeleton(5). 
Discussion. There seems little question 


that dietary calcium was preferentially util- 
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ized over dietary Sr®® by the rat under condi- 
tions of these experiments. Similar behavior 
may be implied from values given for natural 
strontium and calcium contents of sea water 
and skeletons of marine organisms. For sea 
water a value of 9.23 atoms of strontium/ 
1000 atoms of calcium has been reported (6) ; 
comparative values for skeletons of marine 
organisms have ranged from 2.4 to 3.5(7). 
These results give a selectivity of 2.6 to 3.8 
for preferential utilization of calcium over 
strontium. Menzel(8) has reported a prefer- 
ential utilization by plants of 2.5 for soil cal- 
cium over added Sr*®. 

There is as yet no clear evidence as to the 
means by which the rat discriminates against 
strontium in favor of calcium. Other studies 
in this laboratory(9) primarily with cattle 
have indicated that: (a) Ca*® and Sr% enter- 
ing blood were diluted, exchanged into extra- 
vascular fluid, soft tissue and bone compart- 
ments at essentially the same rate and to the 
same degree; (b) absorption from the gastro- 
intestinal tract after ingestion was not greatly 
different for Ca*® and Sr®°; (c) ingested Ca*® 
was preferentially secreted into cow’s milk by 
a factor of 6-10 over ingested Sr®; (d) there 
were no great differences in deposition of in- 
gested Ca‘ and Sr® in the hen’s egg; and 
(e) Sr®° was preferentially secreted in urine 
as compared with Ca*. 

It appears that the preferential excretion 
of strontium in the urine may account in con- 
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siderable measure for the overall preferential 
utilization of calcium over strontium. 


Summary and conclusions, Continuous: 
feeding experiments with rats on a Sr®° la- 
beled feed indicated that: (a) dietary calcium 
was utilized for bone growth by a factor of 
3.6 over Sr®’; (b) about 28.6% of the fetal 
calcium was derived from maternal calcium; 
(c) dietary calcium was utilized for bone 
formation in the developing fetus by a factor 
of 5.1 over Sr®’; (d) this high factor for the 
fetus was accounted for on the basis that cal- 
cium and Sr? released from the maternal 
skeleton were deposited in the fetus with the 
same selectivity of 3.6 for calcium as was ob- 
served for the growing rat. 


1. Pecher, Charles, Proc. Soc. Exp. Brot. AND MED... 
1941, v46, 86. 

2. Comar, ©. L.,. Hansard, ysant ly, ood so elas. 
Plumlee, M. P., and Barrentine, B. F., Nucleonics,. 
1951, v8, 19. 

3. Pecher, Charles and Pecher, Jacqueline, Proc. 
Soc. Exp. Brot. anp Mep., 1941, v46, 91. 

4. Comar, C. L., Lotz, W. E., and Boyd, G. A, 
Amer. Jour. Anat., 1952, v90, 113. 

5. Neuman, W. F., and Neuman, M. W., Chem. 
Rev., 1953, v53, 1. 

6. Odum, Howard T., Science, 1951, v114, 211. 

ie , ibid., 1951, v114, 407. 

8. Menzel, R. G., Soil Science, 1954, v77, 419. 

9. Comar, C. L., et al., Oak Ridge Operations Re- 
port 110, April 1954. 


Received January 7, 1955. P.S.E.B.M., 1955, v88. 


Cytological Response to Infectious Hepatitis Specimens in Embryonated 


Eggs.* 


(21549) 


Morris PoLLARD AND L. T. DIsERENS. 


From the University of Texas Medical Branch, Galveston. 


It has been noted(1) that influenza and 
mumps virus infections in embryonated eggs 
were associated with increased numbers of 
histiocytes in the allantoic fluid (AF). When 
this reaction was quantitated, the cytological 


* This study was supported by funds provided 
under contract with the USAF School of Aviation 
Medicine, Randolph Field, Texas. 


response to these asymptomatic viral infec- 
tions could be correlated in serum neutraliza- 
tion and in infectivity dilution end points with 
the results attained through use of the hemag- 
glutination phenomenon. 


Although serums from acute cases of in- 
fectious hepatitis induced no overt alteration 
in the embryonated egg it has recently been 
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observed that inoculations with such speci- 
mens were subsequently associated with in- 
creased numbers of histiocytes in the AF. 


Methods. Bacteria-free serum specimens 
were inoculated (0.1 ml) into the allantoic 
cavity of 7 day embryonated eggs. The shell 
Openings were sealed with collodion and the 
eggs were subsequently incubated at 35°C 
for 4 days. The eggs were then stored in the 
refrigerator overnight. The shell over the 
air sac was cut off and the clear AF was 
aspirated with a 10 ml syringe and 19 gauge 
needle. The AF from 4-5 eggs was pooled 
and 25 ml aliquots were centrifuged at 4000 
rpm for 20 minutes. The supernatant fluid 
was quickly decanted and the sediment was 
resuspended in the residual fluid. A loopful 
(approximately 0.01 ml) of the sediment was 
smeared on a glass slide over an area of 1 
square cm. After drying at room temperature 
and staining with Wright’s stain, the air-dried 
smears were examined microscopically (5X 
ocular and 100X objective). The total num- 
ber of histiocytes in 100 consecutive micro- 
scopic fields were recorded from duplicate 
smears. The procedure outlined above was 
followed with serum specimens from acute 
cases of infectious hepatitist and from 3 of 
the same cases collected during convalescence. 
Control inoculations included serums from 
aseptic obstructive jaundice cases, and acute 
IH serums inactivated by heat, and normal 
AF from 11 day embryonated eggs. All 
serum specimens were stored at —20°C. The 
effect of antiserums on the cytological re- 
sponse in AF was determined by mixing equal 
amounts of heat-inactivated serum and the 
histiocyte promoting agent either in acute IH 
serum or in AF being serially passaged in 
eggs. The mixtures were incubated at 37°C 
for 30 minutes and inoculated (0.2 ml) into 
7 day embryonated eggs. These eggs were 
thereafter processed according to the technic 
described above. Serum neutralization thus 
studied included commercial gamma globulin, 
baseline and 2 week serum specimens from 
chickens inoculated with the various lines of 


+ Including Akiba strain IH kindly supplied by 
Dr. W. J. Bashe, Children’s Hospital, Philadelphia, 
Pa. 
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IH_ being studied, and convalescent serum 
from 3 donors of the original IH serum speci- 
mens. 

Results. AF from uninoculated eggs and 
from eggs previously inoculated with normal 
AF contained histiocytes ranging from 0 to 
14 per 100 fields. Icteric serums from 12 
cases of obstructive jaundice did not engender 
histiocytes in excess of this number (Fig. 1). 
Serum specimens from 11 acute IH cases en- 
gendered high histiocyte counts in 10 in- 
stances (5 specimens exceeding 100). When 
these serum inocula were heated at 61°C for 
30 minutes the histiocyte counts in AF were 


TABLE I. Effects of Gamma Globulin on Histio- 
cyte Response to IH Agents. 


——Histiocyte count*—, 


Agent + 
IH agent Agent alone + globulin 
K Serum 106 12 
ARG 77 12 
See 28 9 
MIG, 106 19 
AF Akibat 120 12 
AF AP 55 12 


* No. of histioeytes/100 oil immersion fields. 
+ Egg passage. 


238 
TABLE II. Interrelationships among Egg Pas- 
saged IH Strains. 
Antiserum prepared in chickens 
Source of from: ; 
TH agent Molis Snyder AP Akiba 
Molis IAD (633) 6135) Oko) 
Snyder 117(50) WEL 10"G40) 3 (C29) 
AP 11 (86) TA TOS) ONELO 4) 
Akiba 8 (31) G23), su(50) 


*2 wk antiserum (baseline serum)—No. of his- 
tioeytes/100 oil immersion fields. 


within the normal limits noted above and 
normal limits were obtained with ITH conval- 
escent serums. The convalescent serum speci- 
mens were collected 26 days to 3 months 
after onset of the acute episode. 

Gamma globulin suppressed the histiocyte 
exudative effect of acute IH serum and of 
one AF passage stemming from them (Table 
I). Serum from chickens previously inocu- 
lated intravenously with the latter AF fluids, 
exerted a _ histiocyte suppressive _ effect. 
Serums from such chickens also neutralized 
the exudative effect of AF fluid of heterolo- 
gous origin, thus suggesting some interrela- 
tionship (Table II). Of three IH cases 
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studied, all developed properties in their con- 
valescent serums which neutralized the exuda- 
tive effect of the IH agents noted above. 


Summary. Serums from 10 acute cases of 
infectious hepatitis were inoculated into the 
allantoic cavity of embryonated eggs. The 
allantoic fluids from these eggs contained 
numbers of histiocytes far in excess of the 
limits detected in uninoculated eggs, and in 
eggs inoculated with heat-inactivated serums: 
and with icteric serums from cases of obstruc- 
tive jaundice. This histiocyte promoting fac- 
tor could not be demonstrated in serums: 
from convalescent patients. No bacteria could. 
be associated with this cellular response. 
Histiocyte counts engendered through inocu- 
lations with acute IH serums were returned 
to normal limits by gamma globulin, by 
serums experimentally produced in chickens,. 
and by serums from 3 IH-convalescent pa-- 
tients. 


1. Pollard, Morris, and Diserens, L. T., Science,. 
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Stimulatory Effect of Calcium on Growth of Lactobacillus fermenti.* 


(21550) 


T. C. Yu AND RUSSELL O. SINNHUBER. 


(Introduced by H. W. Schultz.) 


From the Oregon Agricultural Experiment Station, Seafoods Laboratory, Astoria, Ore. 


The importance of calcium for the growth 
of certain microorganisms has been reported 
by several investigators. Chattaway, Hap- 
pold and Sanford(1) demonstrated that acid 
production by Lactobacillus casei was in- 
creased by calcium in the media. Meinke 
and Holland(2) presented evidence to show 
that there is a calcium requirement for Lacto- 
bacillus delbrueckii. Camien and Dunn(3) 
reported that calcium was required by Lacto- 
bacillus casei when grown on media low in 
serine. When this paper was near completion, 


* Approved for publication as Technical Paper 
No. 858 by Director of Oregon Agric. Exper. Station 
as contribution of Seafoods Laboratory of the De- 
partment of Food Technology. 


Eades and Womack proved that calcium is 
definitely a growth stimulant for ZL. casei, 
strain 7469(4). 

In seeking a suitable microbiological meth- 
od for the study of growth factors in fish 
meal, and fish solubles, it was observed that 
acid extracts of crab and fish meals would 
stimulate the growth of Lactobacillus fermenti 
in the presence of an optimal concentration of 
thiamine. Since the crab and fish meals used’ 
contained considerable calcium, it is the sub- 
ject of this paper to demonstrate that calcium 
is a stimulatory factor for the growth of L. 
fermentzi. 


Methods. Lactobacillus fermenti, strain 36 
(ATCC 9338) was used as the test organism 
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TABLE I. Stimulatory Effect of Various Substances on Growth of L. Fermenti 36. 
Basal medium contg. 20 mg maltose(6) + 0.5 + thiamine/tube. 


Turbidity Growth 


Amt/10 ml, reading, increase, 
Substances added mg Klett units Klett units 
(A) Crab meal ext. (Cancer magister ) 0 227 — 
5 246 19 
15 261 34 
Turbot meal ext. (Atheresthes stomias) 0 223 — 
5 238 15 
15 250 27 
Dover meal ext. (Microstomus pacificus ) 0 223 — 
5 240 17 
15 245 22 
Roek fish meal ext. (Sebastodes sp.) 0 223 — 
5 241 18 
15 246 26 
(B) Crab meal ext. (75% ethanol ppt.) 0 227 — 
5 243 16 
15 254 27 
(C) Calcium lactate 0.0 249 — 
0.5 265 16 
1.0 270 Pal 
2.0 279 30 
3.0 284 35 
Same medium without maltose(5) 
Calcium acetate (as Ca) 0 186 — 
0.01 194 8 
0.05 201 15 
0.10 209 23 
0.20 217 31 
0.40 218 of 


in this study. The Sarett and Cheldelin pro- 
cedure(5) and the modified method described 
by Fang and Butts(6) were employed. The 
extent of growth was determined by measur- 
ing the turbidity after 16 hours of incubation 
at 37°C with a Klett-Summerson photocolori- 
meter using a 540 mu filter. The results are 
expressed as Klett units. Meal extracts were 
prepared by digesting five g of meal with 75 
ml 0.1 N H2SO, in a boiling water bath for 
30 minutes, with frequent additions of a few 
drops of 20% H2SOu, if necessary, to main- 
tain the acidity. The digest was cooled and 
made to 100 ml, well mixed, and filtered. 
Fifty milliliters of the filtrate were neutralized 
with dilute NaOH to pH 6.5 and diluted to 
100 ml. Each ml of the final solution repre- 
sents an extract from 25 mg of meal. In the 
following experiments the amount of extract 
added to the medium was expressed in mgs 
of original meal. 

Results. The growth rate of L. fermenti 
increased as the thiamine level in the medium 


increased. It was found that with the addi- 
tion of an acid extract of crab meal, or the 
fish meals tested, to media containing optimal 
amounts of thiamine, the test organism would 
invariably show a heavier growth, (Table I, 
A). Ethanol (95%) was added to a quantity 
of neutralized crab meal extract to give a 
final concentration of 75% ethanol. The re- 
sulting precipitate was filtered and washed 
with 75% ethanol. This alcohol precipitate 
was found to be responsible for stimulating 
the growth rate of the L. fermenti (Table I, 
B). The alcohol precipitate was insoluble 
in alkaline solutions and soluble in acid. The 
alcohol insoluble material when dissolved in 
acid could be precipitated by a solution of 
ammonium oxalate. These properties are 
very similar to those possessed by some cal- 
cium salts. In order to demonstrate the 
growth stimulating activity of calcium salts, 
various levels of calcium lactate or calcium 
acetate were incorporated in the test media. 
The results indicate that both calcium salts 
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stimulated the growth of the L. ferment, 
(Table I, C). Calcium sulfate gave similar 
results. The calcium added was limited to a 
maximum of 0.6 mg per tube since greater 
concentration of calcium resulted in partial 
precipitation of the medium during steam 
sterilization. Sodium lactate, when added to 
the test media, had no effect on growth. 

Table II shows that in media containing 
low levels of thiamine (0-0.02/10 ml) insig- 
nificant growth stimulation was obtained re- 
gardless of quantities of calcium added. But 
with higher levels of thiamine, the addition of 
calcium salts greatly stimulated the growth 
rate of L. fermentz. 

Another experiment was conducted to elim- 
inate the factor of the thiamine content of 
the crab meal. A sample of crab meal was 
extracted with 0.1 N H2SO,. An aliquot of 
the extract was treated with sodium bisulfite 
at pH 5.2 to destroy thiamine, and then the 


TABLE II. Effect of Caleium Added to Media 
Containing Different Amounts of Thiamine on 
Growth of L. fermenti 36, 


Turbidity reading (Klett units) 
Ca acetate -———_ Thiamine, 7/tube ———_, 
Kas Garme/ tube) = 205 012" 202855. 030 05> lO 


Basal medium (5) 


0 48 50 2103 4767-684 2 1L0 


al ASS ae Die OS, Se OOs te 9 lon mel 0) 
i SOT LoS yO Ose lego Qos mealies) 
3 SP I) Oe Ue lett 
A ss, OR AME bahar aay 140 
6 58 O6e 20 On el Oveaaed 47 
Basal medium + 20 mg maltose/tube(6) 
0 50— 163 (By SIS Gs 
01 OOM 63) Safow of eS Ome a0) 
.05 wm Oe (ei) UB Se 
10 52 OS (as. sXe) dlsysy. UES 
20 52 ole, Sfisy > Mey IBYS} SN) 
40 58 fox Seth Ske ABR Roes 
; Thiamine, y/tube ———, 
HOw Alt 2 3 5) 1.0 
Basal medium (5) 
0 EMG AIETA Saleiey 0 leis ahsy0) 
all 46° 132) 154:°155 167 
2 46°. 136 1637 160) 169 
3 46 142 168 172-166 174 
A Ole oon AG we SOT tiie Si; 
6 Of hoppy See S pe eS 203 


Growtu or Lactobacillys fermenti 


TABLE III. Effect of Sodium Bisulfite Treated 
Crab Meal Extract on Growth of L. fermenti 36. 
——— 


Grabaneal Turbidity reading (Klett units) 


extract, F Thiamine, y/tube ———_—_ 
mg/tube 0 01 02 03 .05 10 
NaHSO, Basal medium (5) 
treated 
0 48 65 he 90 106 140 
5 49 66 79 92 119 159 
15 51 67 82 99 125 172 
Untreated 
0 48 65 77 90 106 140 
5) ol 68 82 96 119 154 
15 50 68 78 99 132 176 


excess sodium bisulfite was removed by hy- 
drogen peroxide and brought to pH 6.5 with 
NaOH. Various quantities of the bisulfite 
treated crab meal extract were used and its 
growth stimulating effect compared with that 
of untreated crab meal extract, (Table III). 
It is evident that crab meal contained very 
little thiamine since both the sodium bisulfite 
treated and untreated extracts behave very 
much the same. In media containing low lev- 
els of thiamine, both extracts showed little 
effect on the growth of the test organism. 
However, when the thiamine level increased, 
both extracts stimulated growth. 

Summary. From the data shown in these 
experiments, it was demonstrated that cal- 
cium salts or calcium derived from fish or 
crab meal stimulated the growth of L. fer- 
menti in the presence of optimal amounts of 
thiamine. 
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Effect of Anticoagulants on Local Shwartzman Reaction. 


241 


(21551) 


Davin P. Ratt, Norman H. Smitu, AND MarcarRET G. KELLY, 
(With the technical assistance of James R. Gaskins.) 


From the Laboratory of Chemical Pharmacology, National Cancer Institute,* Bethesda, Md. 


Many agents have been tested for their 
effect on the local Shwartzman reaction in 
efforts to elucidate the mechanism of this 
phenomenon. Almost complete inhibition of 
the local hemorrhage and necrosis was ob- 
tained when large doses of heparin were given 
during the period of development of the hem- 
orrhagic-necrotic reaction(1,2). This find- 
ing is consistent with the histopathological 
observation that soon after the provocative 
injection, thrombosis of the smaller blood ves- 
sels occurs at the prepared sites(3,4). He- 
parin, however, has specific pharmacologic 
actions(5-7) other than inhibition of blood 
clotting, and additional information may be 
derived from investigation of the effect of 
other anticoagulants on the local Shwartzman 
reaction. To date, bishydroxycoumarin, which 
failed to prevent hemorrhage and necrosis in 
5 of 6 rabbits(8) has been the only other 
anticoagulant tested. 

This report deals with the effect on this 
reaction of 3 other anticoagulants, and sug- 
gests that Tromexan, ethyl biscoumacetate, 
NNR, which inhibits blood clotting differ- 
ently from heparin, can block the local 
Shwartzman reaction. 

Materials and methods. Rabbits of mixed 
breeds, colors and sexes, weighing 1.5 to 2.5 
kg were used. Fresh animals were used for 
each experiment. Prior to giving the prepara- 
tory dose, hair was removed from the ab- 
dominal skin with electric clippers. The 
Shwartzman-active material employed was 
Lot No. P-35 of a polysaccharide prepared by 
Perrault and Shear(9) from Serratia marces- 
cens. The polysaccharide, and all other par- 
enterally administered drugs, was dissolved 
in sterile pyrogen-free 0.9% saline. The in- 
tradermal (preparatory) dose was 125, 250, 
and 500 pg in 0.25 ml saline in ‘three different 


* National Institutes of Health, Public Health Serv- 
ice, U. S. Department of Health, Education and 


Welfare. 


abdominal sites in each rabbit. In a fourth 
site 0.25 ml saline served as a control. The 
intravenous (provocative) dose, given 24 hr 
later, was 800 wg in one ml. The reaction 
was considered positive when purple-black. 
areas of hemorrhage and necrosis developed 
at one or more of the prepared sites within 6 
hr and persisted for 12 hr. In this study 90% 
of rabbits which received the polysaccharide 
according to the above schedule, without anti- 
coagulant, yielded a positive reaction. He- 
parint was given intravenously in a dose of 
30 mg/kg, 5 minutes before the provocative 
dose, then again 2 hr and 4 hr later. Clotting 
time, on ear vein blood, was done with the 
capillary tube method just prior to the sec- 
ond dose of heparin. At this dose level of 
heparin the clotting time was uniformly more 
than one hr. Chlorazol fast pink+ (CFP), ar 
anticoagulant azo dye, was given intraven- 
ously in a dose of 90 mg/kg, 5 min. before, 
and again 3 hr. after the provocative dose. 
The clotting time, just prior to the second in- 
jection of this agent, was under 30 min. in 
half the animals and under 60 min. in the 
others. All rabbits given this dose of CFP 
showed considerable prostration. Mepesul- 
fate’, a synthetic pectic acid derivative(10), 
was administered in a dose of 75 mg/kg intra-- 
venously 5 min. prior to the provocative dose, 
followed 2 hr later by 50 mg/kg. These ani- 
mals also showed toxic signs similar to those 
receiving CFP; apparently both of these anti- 
coagulants had been given at or near the 
maximum tolerated dose. Clotting time in 
this series, just prior to the second dose of 
mepesulfate, ranged from 15 to 30 min. in 
60% of the animals, and to less than 60 min. 
in the others. Tromexan,| an anticoagulant 
similar to bishydroxycoumarin but with a 


+ Hynson, Westcott, and Dunning. 
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TABLE I. Effect of Anticoagulants on Incidence 
of Shwartzman Reaction in Rabbits. 


Animals with 


positive 

Rabbits reactions Chi 

Anticoagulant (No.) (%) square” 
0 60 90 — 
Heparin 12 iy 27 
Chlorazol fast pink 6 100 0 
Mepesulfate 5 100 0 

‘Tromexan 

Pro. time, <25 see 13 53 8 
He ”  , > 25 sec 20 30 26 


* Hach treated group compared with untreated 
group by the chi square method. Chi squares 
larger than 6.6 indicate p <0.01 and are con- 
sidered significant. 


more rapid onset of action(11), was prepared 
as a 5% solution in 2.6% aqueous NagCOs. 
It was administered by stomach tube either 
in a single dose of 0.75 g 24 hr before, or in 
two equally divided doses (total of 0.9 or 1.0 
g) 36 and 24 hr before the provocative dose 
of the Shwartzman agent. Prothrombin time 
was used as the index of effectiveness of 
tromexan since clotting time, as used for the 
other anticoagulants, does not accurately 
measure the depression of prothrombin levels 
achieved by tromexan administration. Pro- 
thrombin time was done in duplicate by a 
one stage method with commercial prepara- 
tion of calcium and thromboplastin! accord- 
ing to the manufacturer’s instructions. In 
control determinations on 43 rabbits the mean 
prothrombin time, with its standard error, 
was 7.7 + 0.5 sec. In the tromexan-treated 
rabbits, prothrombin times were done prior to 
administration of the tromexan and 2 hrs 
after the provocative dose of the polysac- 
charide. Determinations done at comparable 
times in a series of 4 control rabbits showed 
no significant change in prothrombin time 
during the Shwartzman reaction. 


Since the prothrombin times varied consid- 
erably in the tromexan-treated rabbits, the 
data for these animals were classified into two 
groups according to the prothrombin time at 
2 hrs; the dividing line was 25 sec. Mean pro- 
thrombin time with the standard error, during 
the Shwartzman reaction, was 20 + 1 sec. for 
the 13 rabbits in the under 25 sec. group, and 


{| Simplastin, Warner Chilcott. 


ANTICOAGULANTS ON SHWARTZMAN REACTION 


43 + 6 sec. for the 20 rabbits in the over 25 
sec. group. 

Results. As seen in the Table, pronounced 
inhibition of the Shwartzman reaction was ob- 
tained with heparin, in agreement with pre- 
vious reports. In this heparin experiment 
the clotting time was consistently above one 
hour. When less heparin was given, and the 
clotting time was less markedly prolonged, 
such inhibition of the Shwartzman phenome- 
non was not obtained(1,2). In the above 
groups with CFP and mepesulfate no protec- 
tion against the hemorrhage and necrosis was 
noted, and most of these animals had a clot- 
ting time of 30 minutes or less. No attempt 
was made to increase the clotting time by in- 
creasing the dose of the CFP or mepesulfate 
because of the toxicity of these compounds. 
The observed lack of protection with CFP 
and mepesulfate may have been a conse- 
quence of a lack of effective anticoagulation. 
Significant protection against the dermal 
hemorrhage and necrosis was afforded by 
tromexan. Inhibition of this reaction ap- 
peared to be related to depression of the pro- 
thrombin levels. These data support the 
thesis that a high enough degree of anti- 
coagulant action inhibits the Shwartzman 
phenomenon and that thrombosis may be one 
of the important factors in the development 
of the hemorrhagic-necrotic reaction. 


Summary. 1. Heparin and tromexan, when 
given in adequate dosage, inhibited the local 
Shwartzman reaction induced with a poly- 
saccharide from S. marcescens. Two other 
anticoagulants, chlorazol fast pink and mepe- 
sulfate, did not produce the requisite prolonga- 
tion of clotting time, and failed to inhibit the 
Shwartzman reaction. 2. These observations 
are consistent with the thesis that thrombosis 
may be one important factor in the develop- 
ment of the local Shwartzman reaction. 
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Effect of Isonicotinic Acid Hydrazide on Niacin and Pyridoxine 


Metabolism in Rats. 
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(21552) 


(Introduced by Philip Levine.) 


From Ortho Research Foundation, Raritan, N. J. 


The effective treatment of experimental 
and human tuberculosis with isonicotinic acid 
hydrazide (INH) has stimulated the search 
for the mechanism of its biological activity. 
Structural relationships between INH, niacin 
and pyridoxine suggested that the antituber- 
culous drug might act as an antimetabolite 
against either of those vitamins. Thus Mc- 
Connel and Cheetam(1) reported relief with 
niacin and B-complex in a case of pellagra 
which developed during INH treatment. The 
neuritis occurring in 40% of patients under- 
going INH therapy may yield to pyridoxine 
administration(2). Ungar e¢ al.(3) have 
noted recently testis and thymus involution 
and growth retardation in rats on high doses 
of INH. Our studies described here in- 
dicate that INH does not interfere with nia- 
cin metabolism and that the toxic effects of 
INH in rats on a Be-deficient diet can be pre- 
vented with pyridoxine. 

Materials and methods. Weanling white 
rats of both sexes were used in these studies. 
Food and water were supplied ad libitum. 
The basal diet contained 82% sucrose, 10% 
casein, 4% salts(4), 3% cottonseed oil, 0.5% 
choline, 0.4% cystine, and supplied the fol- 
lowing vitamins in mg quantities per 100 g: 
thiamin HCl, riboflavin and pyridoxine, 1.0 
each; calcium pantothenate, 6.0; inositol, 
15.0; biotin and folic acid, 0.02 each; and 
vit. K, 0.10. Vit. A and D in unitage of 
200 and 20 respectively in the form of Meads 
Standardized Cod Liver Oil were given by 
dropper twice weekly. For the pyridoxine ex- 


periments, the diet was modified as follows: 
the level of casein was increased to 25% at 
the expense of the sucrose, choline was re- 
duced to 0.2%, and cystine and pyridoxine 
were omitted. DPN was analyzed by the 
fluorometric assay of Robinson e¢ al.(5); and 
xanthurenic acid (XA) was measured in urine 
colorimetrically (6). 

Results. The data in Table { indicate that 
INH, at a level of 50 mg % in the diet, did 
not suppress growth, deplete the liver of pyri- 
dine nucleotides, or influence the excretion of 
N?!-methylnicotinamide (NMN) following an 
injection of l-tryptophan. In addition, INH 
was without effect on the methylation of nico- 
tinamide, since equal quantities of NMN were 
excreted in groups B and D during the control 
period. 

Since previous studies by Mann and Quas- 
tel(7) had demonstrated that nicotinamide, 
but not nicotinic acid, prevented the enzy- 
matic degradation of DPN, it was of interest 
to determine whether INH also was capable 
of inhibiting this reaction. Freshly prepared 
rat liver homogenates suspended in 2% nico- 
tinamide, 2% INH, or saline were incubated 
at room temperature for 30 minutes and then 
analyzed for pyridine nucleotides. The aver- 
age values for duplicate samples were 600 pg 
DPN per gram of liver in the homogenate in- 
cubated with nicotinamide, and less than 100 
ug DPN per gram in the INH and saline sus- 
pensions. 

The inhibitory action of INH on pyridox- 
ine was demonstrated in the following experi- 
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TABLE I. Effect of Isonicotinie Acid Hydrazide on Growth, Liver Pyridine Nucleotides, and 
Excretion of N’-Methylnicotinamide in Rats on Niacin-Low Ration. 
Average values for 4 rats in each group. 


SS 


Wt gain, 2 hr excretion of NMN, pug Pyridine 
Supplement g/wk, o> (eer nucleotides, 
Group to diet for 4 wk Control 1-tryptophan* ug/g livert 
mg % 

A 0 fi 3 178 456 
B 5 niacin 16 240, 420 610 
C 50 INH 5 19 190 678 
D 5 niacin + 1153 250 435 677 


50 INH 


* Tryptophan injected on 32nd day. 


+ Rats sacrificed at end of 5th wk and samples of liver taken for DPN analysis. 


ment, in which 4 groups of 10 rats each were 
used. The basal diet, lacking in pyridoxine, 
allowed for an average gain of 10 g per week 
for 4 weeks. The addition of 2 mg % pyri- 
doxine to the basal diet resulted in excellent 
growth, averaging 26 g. When the basal diet 
was supplemented with 100 mg % INH, the 
rate of growth was depressed to 1.7 g per 
week; no other physical signs of pyridoxine 
deficiency were evident. To demonstrate that 
the growth inhibition of the INH-treated rats 
was due to a defect in the normal utilization 
of pyridoxine and not to a toxic dose of the 
drug per se, the animals in the fourth group 
received both pyridoxine (2 mg %) and INH 
(100 mg %) in the diet. Pyridoxine com- 
pletely counteracted the growth retarding ac- 
tion of INH. 


To eliminate variations caused by unequal 
food consumption and absorption of INH 
from the gut, rats fed the basal pyridoxine- 
deficient ration were given intraperitoneal in- 
jections of the drug daily. Table II shows 
that the rats in Groups 2 and 3 receiving 2.5 


TABLE II. Effect of Pyridoxine on Growth and 

Survival* of Rats Given Isonicotinic Acid Hydra- 

zide Intraperitoneally. Six rats in each group. 
Experiment terminated after 4 wk. 


Wt gain, 
Group Treatment g/wk 
it -2 ml saline 12 
2 2.5 mg INH 6.5 
3 DEM reap 4.8 
4 LONE — 
5 MOG Ss + 200 ng Be 23 


* No mortality was observed except in Group 4; 
in this group the animals lived an avg of 9 days, 
with mortality spread over a period lasting from 
third to sixteenth day. 


and 5.0 mg of INH respectively lost weight 
as compared to the control animals in Group 
1. When 10 mg of INH were injected into 
the rats in Group 4, there was an immediate 
weight loss and the average time of survival 
was 9 days. Within a few days a syndrome 
characterized by convulsion and _ difficult 
respiration developing within 1 hour after in- 
jection of INH was evident in most of the 
animals. As the data for group 5 indicate, 
the harmful effects of 10 mg of INH were 
completely nullified by the simultaneous ad- 
ministration of 200 yg of pyridoxine. 

The comparative activities of desoxypyri- 
doxine and INH as inhibitors of pyridoxine 
were examined. Rats weighing 100-150 g¢ 
were used in this experiment, otherwise the 
diet and technics were similar to those used 
previously. The excretion of NA, an ab- 
normal metabolite of tryptophan which is 
found in the urine of Be¢-deficient rats, served 
as the index of pyridoxine deficiency. After 
one week on the basal pyridoxine deficient ra- 
tion plus the supplements indicated in Table 
III, 25 mg of |-tryptophan were given intra- 
peritoneally and the 48 hour urine specimens 
collected and analyzed for XA. The results 
obtained could not be predicted from our pre- 
vious experiments. The rats in group K which 
were treated with 10 mg INH daily excreted 
significantly less XA than the control Group 
J and much less than the animals in Group M 
who were given desoxypyridoxine. There- 
fore, while the excretion of XA is extremely 
sensitive to the lack of dietary pyridoxine or 
the desoxypyridoxine, a highly active anti- 
metabolite of Bg, it is not markedly affected 
by INH treatment. 


INH on NIACIN AND Bg METABOLISM 


TABLE III. Exeretion of Xanthurenie Acid in 

Rats Treated with Isonicotinie Acid Hydrazide 

and Desoxypyridoxine. Average values for 4 rats 
in each group. 


48 hr excretion of 
xanthurenic acid, ug 


20 mg 1- 


Group Diet Control tryptophan 
J Basal (pyridoxine 269 474 
deficient) 
K  Basal+10mgINHI.P. 86 159 
L Basal+ 10mg INH & <<a) <10 
200 wg pyridoxine I.P, 
M _ Basal+50mg% desoxy- — 1750 


pyridoxine 


Discussion. A study was made of the in- 
hibitory effect of INH on several well estab- 
lished pathways of niacin metabolism. In 
none of these did the large amount of INH 
given function as an anti-metabolite of niacin. 
Zatman e¢ al.(8,9) recently demonstrated the 
presence of a DPN-ase in human and animal 
tissues which catalyzes the exchange reaction 
between added nicotinamide or INH and the 
nicotinamide moiety of DPN; this explains 
the well-known inhibitory effect of nicotina- 
mide on this enzyme. In the zm vitro DPN- 
ase experiment, it is conceivable that the in- 
activity of INH might be attributed to the 
formation of the INH analog of DPN which 
would not be measured in the fluorometric as- 
say. In the intact rat, however, the failure 
of INH to influence the concentration of 
pyridine nucleotides in the liver, indicates 
either the absence of an exchange DPN-ase, 
or its negligible effect on the metabolism of 
INH. 

The results clearly indicate that a relation- 
ship exists between the toxicity of INH and 
pyridoxine. The nature of the competitive 
action, however, is not obvious. While the 
growth depression observed in rats on a pyri- 
doxine deficient ration supplemented with 
INH was striking, other symptoms of Bg de- 
ficiency were lacking. Other studies showed 
that large amounts of XA were excreted by 
rats receiving desoxypyridoxine for 1 week, 
whereas animals given INH excreted less 
than the control rats. Thus the deleterious 
effects obtained with INH are not related to 
some of the symptoms heretofore considered 
characteristic of pyridoxine deficiency in the 
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rat. Biehl and Vilter(2) suggested 
“either a disorder in renal conservation of Be, 
or a chemical alteration of this vitamin by 
INH and its excretion” as an explanation of 
their results. Our data indicate that pyridox- 
ine, or more likely pyridoxal, functions as a 
detoxifying agent for INH. 


Yoneda e¢ al.(10,11) have demonstrated 
that colon bacillus tryptophanase and argin- 
ine decarboxylase, both of which require py- 
ridoxal phosphate as a coenzyme, are inhib- 
ited by INH. The inhibition of M. tubercu- 
losis H 37 RV by INH has been reported to 
be reversed by pyridoxal(12); however, in a 
similar study with this organism pyridoxine 
and its derivatives were without effect(13). 
Although these studies suggest an antagonism, 
there is as yet no direct evidence that INH 
exerts its antituberculous activity by inhibit- 
ing an enzyme activated by pyridoxal phos- 
phate. Dietrich and Shapiro(14) found that 
the cysteine desulfhydrase activity of mouse 
liver was decreased in pyridoxine deprived 
animals, but that desoxypyridoxine did not 
lower the concentration of the enzyme in the 
liver. These data and our observations point 
to the possibility that a vitamin antagonist 
might be specific in its action against a single 
enzyme only, and need not function as an an- 
tagonist against all biochemical functions of 
the vitamin. 


Summary. INH did not inhibit any of the 
normal pathways of niacin metabolism inves- 
tigated in the rat. When added to a Be- 
deficient ration INH had a pronounced toxic 
effect characterized by inhibition of growth, 
decreased survival time and epileptiform con- 
vulsions. The elevated excretion of xanthur- 
enic acid, considered characteristic of the Bg- 
deficient rat, was not apparent in INH- 
treated animals. 
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Syracuse, New York. 


The earlier clinical and experimental evi- 
dence indicating a correlation between chronic 
alcoholism and fatty infiltration of the liver 
and/or cirrhosis has been amply reviewed 
(1,2,3). The modern concept that the he- 
patic lesions found in chronic alcoholics are 
entirely due to inadequate nutrition, espe- 
cially insofar as lipotropic substances are con- 
cerned, has been questioned recently. Thus, 
it has been suggested that ethanol per se 
exerts a direct effect, which, if continued over 
a long enough period of time, leads to fatty 
infiltration and fibrosis(4,5,6). Other inves- 
tigators have obtained data that do not sup- 
port this view(7), or have indicated that the 
effect of ethanol on liver fat is non-specific, 
and may be seen when any other source of 
extra calories, such as sucrose, is fed in con- 
junction with a diet which is sufficiently low 
in lipotropic substances(8). In the above 
mentioned investigations, ethanol was admin- 
istered to rats as a 10% or 15% solution in 
place of drinking water(5,6,7,8) or partly so 
(4). Rats receiving alcohol in this manner 
are never visibly intoxicated, and exhibit low 
tissue alcohol-levels. 


In the absence of general agreement on the 
subject of the effect of alcohol on liver lipid 


* This investigation supported by grant from the 
Committee on Problems of Alcohol, National Acade- 
my of Sciences, National Research Council. 


content, the problem was re-examined in rats 
fed by stomach tube. By this technic it was 
possible to accomplish three ends: 1) the 
alcoholic animals were subjected periodically 
to intoxicating doses of alcohol and thereby 
experienced high tissue alcohol-levels; 2) 
they were forced to consume an adequate diet 
at the same time; and 3) it was possible to 
pair-feed alcoholic rats and control rats with 
great precision. The results of the experi- 
ments performed under these conditions dem- 
onstrate that ethanol, in contrast to caloric- 
ally equivalent quantities of carbohydrate, 
promotes the accumulation of liver lipids 
within a short period of time, even when the 
diet is adequate with respect to lipotropic 
substances for the non-alcoholic control ani- 
mals. 


Procedure. Male albino rats (approxi- 
mately 185 g weight at beginning of experi- 
mental period) were fed entirely by stomach 
tube for about 30 days. Food was adminis- 
tered as synthetic rations suspended in water. 
Additional water was given ad libitum. Each 
animal received 2 feedings per day. Prior 
to experimental period, the rats were sub- 
jected to a one week period of adaptation to 
stomach-tube feeding, after which they were 
able to receive between 9 and 11 ml of sus- 
pended ration per feeding. Animals in each 
alcoholic group received the same diet, quali- 
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tatively and quantitatively, as did animals in 
the corresponding control group, with one ex- 
. ception: the second meal of the alcoholic rats 
contained ethanol, isocalorically substituted 
for an equivalent quantity of carbohydrate 
present in the control diet. Ethanol was as- 
sumed to supply 7 calories/g. Ethanol was 
mixed with the dry dietary constituents and 
diluted with water immediately prior to feed- 
ing, thus avoiding any loss due to evaporation. 
Total exposure to air of each alcohol-diet 
mixture, in which the alcohol was present as 
a 21% to 25% solution by volume, did not 
exceed 10 minutes. Non-alcoholic diets were 
also kept as solid powders and diluted with 
water immediately before feeding, inasmuch 
as a newly formed suspension was found to 
have maximum fluidity. Each rat received a 
total of 48 calories per day, except in one ex- 
periment with somewhat older rats, in which 
each animal received 60 calories per day. 
Each feeding provided half the total daily 
caloric intake. The alcoholic animals ob- 
tained 22% of their total daily caloric intake 
as ethanol (1.52 g ethanol/rat/day for 48 
cal. rats, and 1.9 g ethanol/rat/day for 60 
cal. rats). Ethanol administered was suf- 
ficient to render animals quite intoxicated for 
about 12 hours. The diet was adequate for 
maintenance of good growth and normal liver 
lipid values in control groups, although the 
daily caloric intake of rats was somewhat 
lower than would have been the case had 
they been allowed to eat ad libitum. Limita- 
tion on total food intake was imposed by the 
quantity of diet that could be fed by stomach 
tube at one time. The synthetic basal diet 
was composed of the following: carbohydrate 
77%; mazola oil, 5.0%; vitamin-test casein, 
14.0% ; and Phillips and Hart salt mix, 4.0%. 
To each 100 g of diet were added the follow- 
ing vitamins: choline chloride, 25.0 mg; p- 
amino benzoic acid, 20.0 mg; inositol, 50.0 
mg; thiamine hydrochloride, 0.4 mg; ribo- 
flavin, 0.6 mg; niacin, 1.0 mg; pyridoxine, 
0.4 mg; calcium pantothenate, 1 mg; biotin, 
0.4 mg; menadione, 0.5 mg; mixed tocopher- 
ols, 12 mg; vit. A, 1260 U.S.P. units, vit. D, 
126 U.S.P. units. At the end of experimental 
periods, the rats were sacrificed by decapita- 
tion, the livers quickly removed, and analyzed 


for total lipid according to a modification of 
the method of Payne(9). 

Results. Liver lipids. In every experi- 
ment in which the basal diet was employed, 
the rats chronically intoxicated with alcohol 
accumulated liver lipids in excess of the 
amount found in the corresponding isocaloric- 
ally fed controls (7.1-7.6% versus 5.3-5.7% 
on a fresh tissue weight basis). All differ- 
ences between alcoholics and controls were 
statistically significant (P<0.01). The same 
results were obtained with diets containing 
glucose, sucrose, or half sucrose and half corn 
starch. A preliminary experiment with 21 
normal rats maintained on Purina Chow pel- 
lets had shown that normal liver lipid con- 
centrations ranged from 5.0% to 5.7%, av- 
eraging 5.4%, according to our method of 
lipid analysis. Thus, within the compara- 
tively short experimental period of one 
month, the alcoholic animals had increased 
their liver lipid concentrations to values about 
36% above normal. Dry weight determina- 
tions showed that there were no differences 
in liver water content between the alcoholic 
and the control rats. The results are sum- 
marized and illustrated in Fig. 1. 


Lipotropic agents. Since it had been shown 
that supplementation of diets low in lipotropic 
substances with choline, methionine, or casein 
tends to abolish the effects of ethanol on the 
liver fat(6,8), and since it had been postu- 
lated that ethanol increases the choline re- 
quirement of an animal(5,10), it was per- 
tinent to inquire whether the lipotropic vita- 
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FIG. 1. Liver lipid concentrations (as % of fresh 

tissue), of chronically intoxicated rats and their 

isocalorically-fed, non-alcoholic controls, on same 
diet. 
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mins would prevent the accumulation of liver 
lipid under the conditions of these experi- 
ments. It was found that, while supplementa- 
tion with ordinary quantities of either choline 
chloride or vit. By. did not prevent the ac- 
cumulation of liver lipids in the alcoholics, 
the addition of relatively large quantities of 
these substances completely prevented fatty 
infiltration. Thus alcoholic rats receiving 
supplements of 1 mg and 4 mg of choline 
chloride/rat/day, or 2.9 pug of vit. Byo/ 
rat/day still showed high liver lipid 
values in comparison with the corresponding 
supplemented, non-alcoholic controls (7.3 + 
0.46%, 70+0.34% and 6.2 + 0.87%, 
versus 5.1 + 0.16%, 5.0+0.15% and 5.2 
+ 0.33% respectively). Alcoholic rats re- 
ceiving supplements of 50 mg choline chlor- 
ide/rat/day or 6.8 pg vit. Bys/rat/day how- 
ever, had completely normal liver lipid con- 
centrations; thus, alcoholics, 5.4 + 0.09% 
and )-5.0. s- 0.2290" controls, 513 == 0:13 % 
and 5.1 + 0.08%. 

Growth rate. The effect of alcohol on 
growth has also been a subject of controversy 
(11,12), most of the investigations concerned 
with this problem not having provided for a 
rigidly controlled dietary situation. In our 
experiments it was observed that the chronic- 
ally intoxicated rats grew at considerably 
lower rates than did the control animals on 
the same diet and receiving the same caloric 
intake, despite the fact that the physical ac- 
tivity of the alcoholic rats was much less than 
that of the controls, particularly during the 
periods of intoxication. Thus the groups re- 
ceiving ethanol gained only 34% to 75% as 
much weight as did their corresponding con- 
trols during the experimental period. The rea- 
sons for this discrepancy in growth rates are 
not apparent. Typical growth curves are il- 
lustrated in Fig. 2. 

Discussion. Our results show that ethanol, 
when given in high doses, promotes the accu- 
mulation of liver lipid in the rat within a 
short period of time. This occurs even when 
the diet is adequate, as judged by its effects 
on liver lipid content and growth rates of con- 
trol animals. Thus, our data do not support 
the contention(8) that alcohol may promote 
fatty infiltration of the liver simply by sup- 
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FIG. 2. Typical growth curves of chronically in- 

toxicated rats and their isocalorically-fed, non- 

alcoholic controls, on same diet. Exp. I, each rat 

receiving 60 cals/day: A =controls, B = alcohol- 

ics. Exp. II, each rat receiving 48 cals/day: C = 
controls, D = alcoholics. 


plying excess calories, and thereby creating, 
under certain dietary conditions, an imbal- 
ance between total caloric and lipotropic in- 
take. They do suggest that alcohol per se 
has an effect on the liver, directly or indi- 
rectly. Since long-standing fatty liver may 
ultimately lead to fibrosis and cirrhosis, this 
effect of alcohol on the liver may be a factor 
in the development of liver lesions in alcohol- 
ics. The specific mechanism by which ethanol 
exerts its effect on the liver, and the precise 
manner in which the lipotropic agents may be 
involved, are as yet unknown. 

Our data also clearly indicate that ethanol 
does not support growth as well as do iso- 
caloric quantities of carbohydrate, even when 
all other dietary conditions are exactly alike. 
The differences in the observed growth rates 
cannot be explained by the small losses of 
alcohol due to excretion via the lungs and kid- 
neys. Heat loss as a result of vascular dila- 
tation in the skin of the alcoholic rats may be 
a factor, although precautions were taken to 
keep the rat room warm at all times (75- 
80°C). Differences in absorption may also 
be a factor, although the alcoholic rats did not 
show any diarrhoea. The mechanism for this 
growth inhibiting effect of ethanol has not 
been elucidated. 

Summary. 1. Chronic alcoholic intoxica- 
tion was produced in rats by tube feeding 
diets in which ethanol was isocalorically sub- 
stituted for some of the carbohydrate in the 
control diet. The intoxicated rats uniformly 
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showed an increase of about 36% in liver fat 
within approximately 30 days. This occurred 
on diets that were adequate for maintenance 
of good growth and normal liver lipid concen- 
trations in non-alcoholic animals. 2. Large 
supplements of the lipotropic vit. By. and 
choline, protected against this fatty infiltra- 
tion of the liver. 3. Chronically intoxicated 
animals grew at a significantly lower rate than 
did isocalorically fed non-alcoholic controls 
on the same diet. 
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Electrolytes and Water in Muscles of Rat Forelimb After Intense 


Local X Irradiation.* 
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From Department of Physiology, Tulane University School of Medicine, New Orleans, and Biology 
Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. 


Investigations have been made for the pur- 
pose of determining whether, in muscle fibers, 
intense local X irradiation will cause an ex- 
change of outside Na for inside K as it did in 
erythrocytes for Sheppard and Beyl(1). The 
literature found is based mostly on_total- 
body-irradiation experiments done for other 
purposes, wherein the doses used are too low 
to influence refractory muscle cells. For 
whole-body exposure at these low doses(2,3) 
single tissues are influenced secondarily by 
effects imposed elsewhere in the body. Dehy- 
dration may occur because of diuresis, diar- 
rhea, or low food intake. There may be 
shifting of extracellular fluid within the body 


* This work was done under Contract No. W-7405- 
Eng-26 for U. S. Atomic Energy Commission and 
Contract No. AT-(40-1)-1301 between Tulane 
University and U. S. Atomic Energy Commission. 
We are indebted to Miss P. J. Mathias for the 
inulin analyses, to Dr. Jack M. Ginsburg for the 
flame photometry, and to Dr. -Allyn W. Kimball for 
advice concerning statistical analyses. 

t Research Participant, 1951, Oak Ridge Institute 
of Nuclear Studies, working in Biology Division, Oak 
Ridge National Laboratory. 


as from muscle to the very sensitive gut. 
Other effects may occur secondary to endo- 
crine disturbance. We have avoided these 
difficulties by exposing only a small mass of 
muscle in the forelimb of a rat to large doses 
of X rays while the remainder of the body is 
shielded. 


Too often, the results of electrolyte anal- 
yses are expressed in terms of wet weight, so 
that water shifts dilute out the true changes. 
Beutel and Winter(4) did refer to dry weight 
but they did not estimate the extracellular 
water phase. Muscle gained water and chlor- 
ide but it remained unknown whether these 
changes were cellular or extracellular. We 
have referred to the more reliable dry weight 
and have estimated extracellular water as inu- 
lin space. In rats not specially subjected to 
vigorous postirradiation exercise, doses up to 
58 kr left water and K of muscle fiber un- 
changed but caused marked extracellular 
edema as an example of local physiological 
disturbance resulting from X-ray exposure. 


Methods. Wistar male rats (380 g) anes- 
thetized with intraperitoneal Na pentothal 
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TABLE I. Effect of X-Ray Exposure on Distribution of Water, Inulin, and Na* in Rat Muscle. 
(Data from Series B.) 
NE SS 


g of water/250 g dry wt of muscle 
(~1kg fresh normal muscle) 


Dose (kr)> 0.0 36.9 41.0 
Seatnoralvaten in gt 700 705 716 
Xt 735 836 816 

Tnulin space ) Uy 99 100 

x 101 214 223 

Na* space ~) GO los eeiGs 

x 146 270 275 

Cell water Ss 583 606 616 

x 634 622 593 


* Shielded muscle, 


(4 mg/100 g of body weight) were secured 
on an animal board under a 13-mm lead plate 
shield containing a window 2 cm in diameter 
under which either the right or left forelimb 
alone could be immobilized in a groove for 
steady exposure to X rays. Muscles of the 
opposite, shielded, forelimb served as controls. 
X rays were supplied by a G. E. Maxitron 250 
unit (250 kvp, 30 ma, 3 mm of Al filtration 
hvl about 0.5 mm of Cu) at a rate of 720 r/ 
min as measured with a 100-r Victoreen r 
meter. All exposures were 30 cm from the 
shutter. Single exposures were employed, the 
dose being regulated by the duration of ex- 
posure. Scatter beneath the shield averaged 
0.11% of the dose as measured with a Vic- 
toreen r meter placed at points inside a fresh 
rat carcass. For example, the chest received 
1.6 r/min, the adrenals 0.8 r/min, and ithe 
other forelimb 0.7 r/min. For our highest 
exposure of 73 kr applied to the forelimb, this 
would be 77 r of scattered radiation imping- 
ing upon other tissues. Following X irradia- 
tion the animals were kept singly in small 
cages, where they remained quiescent. In 
series A, water and K were evaluated in mus- 
cle taken from rats placed under intraperi- 
toneal Na pentothal (4 mg/100 g of rat) 22 
hr after the X ray was applied. Blood was 
taken from the abdominal aorta into heparin, 
and the front legs quickly amputated to pre- 
vent loss of electrolytes because of the ische- 
mia of hemorrhage. All the muscle between 
carpus and elbow was removed from each 
forelimb and cleared of fat, blood, and mem- 


Linear regression 
parameters from 
analysis of (X-S) 
values (see text) 


45.0 65.0 73.4 Intercept a Slope b 

730-722 723 63.6 1.332 

850 875 = 885 

2 emeelolts 80 95.17 525 

239 222 229 

L3 Co Lien 52.83 1.469 

310 = 310 324 

608 609 643 —31.57 807 
653 656 


} X-irradiated muscle. 


branous and tendinous connective tissue. The 
entire amount of muscle from each leg was 
minced and mixed together before drying at 
105°C for determination of water content and 
dry weight. The dry material was liquefied 
in concentrated nitric acid preparatory to the 
measurement of potassium in the Perkin-El- 
mer flame photometer(5). In series B, total 
water and inulin and Na** spaces were deter- 
mined in muscle. Two hours before the mus- 
cle was scheduled to be excised the rat was 
etherized, nephrectomized by retroperitoneal 
approach, and given, by femoral vein, 13.5 
ml/kg of body weight Difco inulin (65 mg/ 
ml) dissolved in 0.15 M NaCl tagged with 
Na?#(0.3 mc/ml). The rat was allowed to 
recover from the ether; later pentothal was 
given for the muscle sampling as in series A. 
All the muscle from one forelimb, about 0.7 
mg, was finely minced, mixed together, and 
weighed wet. Na*! in the untreated muscle 


. mince was determined directly in a plastic 


tube placed inside a 100% geometry gamma- 
ray ion chamber(6). The Na*+ space was 
computed as activity in 250 g of dry muscle 
divided by activity per liter of blood plasma 
(not plasma water). Half of this mince was 
dried at 105°C in an oven to estimate dry 
weight. The other half was carried through 
the inulin method of Ross and Mokotoff(7). 
Dilute alkali liquefies the muscle and autoxi- 
dizes any glucose. The color reaction for in- 
ulin quantitation is developed by resorcinol- 
thiourea in a zinc hydroxide filtrate obtained 
from the neutralized digest. It was read at 
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FIG. 1. Influence of X rays on total water content, 
inulin, and Na* spaces of rat muscle. Changes in 
total water content between companion shielded 
and X-rayed muscles ([]); changes in inulin 
spaces (WN) or in Na* spaces (gg) between com- 
panion shielded and X-rayed muscles are shown. 
Each set of three columns belongs to a single rat 
given the dose shown below the columns. 


the 520 mu setting of a Coleman Junior Spec- 
trophotometer. The large dose of inulin 
given (0.5-0.7 mg of inulin/g of muscle) ob- 
viated the need for an inulinoid blank which, 
in preliminary runs, contributed about 5% to 
the muscle and plasma readings and was un- 
changed by X irradiation. The inulin space 
was computed as inulin per 250 g dry weight 
of muscle divided by the number of milli- 
grams of inulin per liter of plasma. 

Results. During the 22-hr postirradiation 
period the irradiated limb was not favored in 
walking when the animal was stimulated into 
activity, and was capable of prehensile con- 
tractions of the toes when the animal was 
lifted by the tail. No spastic twitchings oc- 
curred such as are seen after high-level whole- 
body exposures. The skin was reddened ex- 
ternally and the forelimb obviously swollen. 
Neither the isolated muscles nor the sub- 
cutaneous tissue contained any observable 
gross petechial hemorrhages but gelatinous 
swelling was obvious in both in relation to 
dosage. 

Total water and inulin and Na** spaces are 
shown in Table I. The differences (X-S) be- 
tween X-rayed and control limbs are shown 
in Fig. 1. There is a pronounced radiation 
effect in which large relative changes occur in 
total water. These changes are closely paral- 
leled by changes both in inulin and Na*# 
spaces, indicating that the water increases are 
predominantly extracellular. The changes 
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seem to be of the threshold type, setting in 
between 10 and 36.9 kr. 

Finer aspects of the relation between the 
changes and the dose were analyzed statis- 
tically by fitting linear regression curves to 
the (X-S) values versus dose for total water, 
and inulin and Na** spaces. A fit was also 
made for cell water, taken as total water 
minus inulin space. The intercepts a@ and 
slopes 6 of the regression lines are given in the 
last two columns of Table I. For each re- 
gression fit, tthe value of the standard devia- 
tion for the individual (X-S)’s was obtained. 
For the first 3 fits; namely, total water, inulin, 
and Na**, the standard deviations expressed 
as percentages of the mean of the individual 
observations of the set are in each case 11.3, 
12, 3, and 9.5%, respectively. Thus the first 
3 physiological indices are about equally ac- 
curate as objective numerical measures of 
radiation effect in our experiments. Further- 
more, insofar as measurements of changes in 
space are concerned, the inulin and Na** are 
about equally satisfactory. 

Since at the higher doses an upward trend 
was recognized in the (X-S)’s for all three 
physiological indices, the slopes b were sub- 
jected to standard variance ratio tests, which 
detected no significant differences among 
them. It was thus permissible to lump to- 
gether the (X-S)’s for the three situations and 
make a fit to the combined data, yielding a 
slope of 1.108. This differs significantly from 
zero at the 0.3% level so that there is a 
definite tendency for the effect to increase 
with dose, the effect being imposed upon the 
threshold character of the dose-effect relation. 
Both the total water and Na** data increase 
significantly with dose at the 1.5 and 1.0% 
levels, respectively. Little confidence can be 
assigned to the apparent increase in inulin 
space since the level of significance is greater 
than 25%. 

Because the (X-S)’s for inulin are consid- 
erably lower at the two high-dose points, the 
slope for inulin was compared with that from 
a regression curve for the total water and 
Na?# spaces combined. The two slopes differ 
significantly at the 15% level, which is so 
high that the difference cannot be considered 
as very significant. 
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TABLE II. Effect of X Rays on Potassium Con- 
tent of Rat Muscle (Data from Series A). 


Dose (kr)> 10 29 29 58 


K content (meq/g S* 113.7 115.3$ 111.7 117.0 
dry wt) Sey Le 7 AT ORG) 


* Shielded muscle. 
+ X-irradiated muscle. 
+ 68 hr after irradiation. 


It is clear from the tissue analyses for series 
A (Table II) that the intracellular K is un- 
touched by radiation up to 58 kr. This holds 
only when K is expressed per unit dry weight 
since the extracellular water gain would other- 
wise dilute the calculated K content. Intra- 
cellular water differences (X-S) were fitted 
from the data in the last line of Table I, and 
the 6 and a values are shown in the table. 
Neither differs from zero at a level of signifi- 
cance less than 25%. It is thus clear that 
changes in fiber water are not observable in 
our experiments. If we accept the greater 
changes in Na?* space than in inulin space 
for the higher doses, a questionable matter to 
be sure, the result would indicate a small in- 
crease in fiber Na. 

Discussion. Our observation seems to be 
the first quantitative physiological recognition 
by inulin space determinations that the tissue 
swelling caused by intense local X irradia- 
tion may be entirely an accumulation of extra- 
cellular fluid, not necessarily including the 
swelling of tissue cells. In our experiments 
the threshold for this is below 40 kr. This is 
lower than the threshold for minimal per- 
ceptible damage to the visualized circulation 
of the bat wing as viewed by Smith, Svihla, 
and Patt(8). They found that, at doses of 
50 and 100 kr, the first visual sign to appear 
was a sticking of leukocytes onto the walls of 
small blood vessels in the wing. Only at 200 
kr did the leukocytes plug the vessels to cause 
stagnation such as might induce edema by 
increasing the hydrostatic pressure in capil- 
laries. In our rats edema appeared at doses 
less than would be expected to cause stagna- 
tion. If edema is not due to stagnation, an 
accumulation of osmotically active material in 
the extracellular spaces of the muscle must 
have drawn the fluid out of the blood vessels. 
Whether in our experiments the effect arises 
from leaky capillaries or from the dissolution 
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of tissue cells or connective tissue matrix ma- 
terial is not known, but it may be significant 
for our results that, at 30 kr in the rabbit, 
intense necrotic changes have been observed 
(9). The effect is, of course, entirely local 
since other areas were effectively shielded. 

It should be emphasized that our observa- 
tions were of animals whose irradiated mus- 
cles were not subjected to vigorous exercise 
following irradiation. There is some evidence 
that radiation effects appear more rapidly and 
at lower doses in muscle subjected to a post- 
irradiation work load. Blood from the cor- 
onary sinus of a beating heart in a dog with 
open chest and under artificial respiration ex- 
hibited K elevation after only 12 kr had been 
applied directly to the heart. Surviving per- 
fused rabbit hearts also lose K during X ir- 
radiation(10). X irradiation accelerates the 
fatiguing process in skeletal muscle at doses 
as low as 50 kr in excised frog muscle and 
72 kr in live rabbit muscle(11). The results 
were similar in most respects to those occur- 
ring when the synthesis of energy-rich phos- 
phate is interfered with, and suggest an inter- 
ference of some sort with the biochemical 
energy sources. 

According ‘to a current concept, Na moves 
out of muscle fibers through an energetic 
transfer mechanism with K entering passively 
to replace the Na(12). The action of agents 
which can impair Na transport, such as radia- 
tion, often becomes detectable only when Na 
transport is overloaded. For instance, cardiac 
glycoside preparations noticeably affect Na 
and K movements in skeletal muscle only 
when the Na extrusion mechanism is over- 
worked, as when muscle is immersed in low 
K media(13). Contractile activity induces 
release of muscle K and uptake of Na(14). 
It is thus conceivable that impairment of the 
Na extrusion mechanism by X irradiation at 
65-73 kr might be demonstrated as a Na gain 
or K loss in muscle subjected to postirradia- 
tion work load. 


Summary. Intense radiation up to 73 kr 
was applied locally to the forelimb muscles 
in a rat with its body otherwise shielded. Ob- 
servations were confined to limbs not sub- 
jected to active fatigue following X-ray ex- 
posure. For up to 22 hr after exposure the 
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muscles remain functional. However, the 
radiation produces marked extracellular 
edema as measured by inulin space and Na?4 
space determinations. The muscle fibers lose 
no K per unit dry weight but may possibly 
gain minimal Na as Na?*. 
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Effect of 6063, Sodium Bicarbonate and Ammonium Chloride on Electrolyte 


Composition of Thermal Sweat.* 


(21555) 
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(Introduced by John P. Peters.) 


- From Department of Internal Medicine, Yale University School of Medicine, New Haven, Conn. 
and the Quartermaster Climatic Research Laboratory, Natick, Mass. 


Whereas the excretory and thermoregula- 
tory functions of sweat glands have been ex- 
tensively studied(1,2,3) their conservative 
functions or their role in the preservation of 
volume and composition of body fluids have 
received relatively minor attention(4,5,6). 
Sweat glands are capable of conserving so- 
dium and chloride when a negative balance of 
these ions arises from any cause(5) and a 
fall in rate of thermal sweating probably oc- 
curs during dehydration or a rise in osmolar- 
ity of body fluids(1,3,7). In these conserva- 
tive functions cells of sweat glands show a 
qualitative functional similarity to those of 
renal tubules. 

The present study was undertaken to com- 
pare the response of kidney and sweat glands 


* The authors thank Dr. John P. Peters, Yale 
University and Dr. Austin Henschel, Quartermaster 
Climatic Research Laboratory for their mest helpful 
criticism. The technical contributions of Mr. F. F. 
Maliszewski, Mrs. I. T. Dobalian, Mrs. M. E. Pillion, 
Mr. A. R. MacLeod are most gratefully acknowl- 
edged. 


to alterations in the acid-base composition of 
body fluidst and to administrations of a pow- 
erful carbonic anhydrase inhibitor, 6063.+ 


Materials and methods. Four normal 
males, ages 20-25, were exposed at weekly in- 
tervals for 1 to 1% hours in a room main- 
tained at 120° F.D.B. and 93° to 95° F.W.B. 
The study consisted of 8 exposures between 
June 1953 and August 1953. One subject 
(J.E.) who ingested no special materials prior 
to any of his exposures, served as control for 
the group. The other 3 subjects ingested the 
experimental drug for 2 days prior to, and on 
the morning of, the collection of sweat. The 
experiment was so designed that the second 


+ Since completion of this study the excellent paper 
of Amatruda and Welt(7) has appeared. These 
authors found that alteration of the acid-base bal- 
ance did not appear to modify the composition of 
sweat remarkably as compared to modification of 
the urine. 

t Generous supplies of carbonic anhydrase inhibi- 
tor No. 6063 were made available by the Lederle Co., 
division of American Cyanamid Co., Stamford, Conn. 
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TABLE I. Experimental Design. 


= —Exposures aN 
Subject il 2 3 4 6 0 8 
T.M. Control 6063 NAHCO, NH,Cl NH,Cl NAHCO, 6063 Control 
L.S. NH,Cl NAHCO, 6063 Control Control 6063 NAHCO, NH,Cl 
JE. Control Control Control ia P Control Control Control 
A.M. 6063 NH,Cl ? NAHCO, NAHCO, NH,Cl 6063 


Dose of drugs as follows: qd y 6063—1 2 daily in 4 divided doses and 250 mg on morning of 
collection; (2) NH,Cl—15 g daily (5 divided doses), 5 g the morning of collection; (3) NAH- 
CO;—20 g daily (5 divided doses), 5 g the morning of collection. 


4 exposures to heat reversed the order of the 
first 4 of the series, and the order of succes- 
sion was different in each of the 3 subjects. 
This is illustrated in Table I. This design 
was utilized to control the effect of repeated 
exposures to heat, acclimatization during the 
summer months, and any alteration in the 
composition of sweat produced by the drug 
administered during the previous exposure. 
Arms and hands of each subject were 
scrubbed thoroughly with soap and water, 
rinsed with distilled water, and then washed 
with ethyl ether’ prior to entering the hot 
room. No sweat collections were made dur- 
ing the first 15 minutes of sweating. After 
this “flushing” period, the importance of 
which has been previously described(8), the 
arms and hands were rinsed thoroughly with 
distilled water, dried, and encased in plastic 
bags. The latter were sealed at the level of 
the insertion of the deltoid muscle with a strip 
of firm elastic 3 inches in width. Each sub- 
ject was weighed to the nearest + 10 g be- 
fore. and after period of sweat collection. 
While sweat was being collected the subjects 
moved their arms lightly, and at 10-15 min- 
ute , intervals the plastic bags were patted 
against the skin of the arms. This procedure 
ensured mixing of sweat on the skin with the 
more dilute water vapor on the walls of the 
bag. After the period of collection the bags 
were quickly removed, vigorously shaken and 
the sweat was poured under a one-half inch 
layer of oil in a plastic container. Samples 
‘were immediately taken for the determination 
of ammonia(9), titratable acidity(10), pH,]|| 


§ The wash with ether was used to remove the 
fatty acids and acidic oils from the skin surface. 
This is essential if the pH of the sweat is to be 
measured. 


total CO. content(11), and lactate(9). The 
sweat was then filtered and analyzed for so- 
dium, potassium and chloride by methods pre- 
viously described(8). Urine was collected 
under oil from each subject for the 24 hour 
period preceding exposure to heat. Toluene 
was used as a urinary preservative. A sam- 
ple of venous blood was drawn under oil in a 
heparinized syringe the morning of sweat col- 
lection. Urine was analyzed for everything 
measured in sweat with the exception of lac- 
tate, blood for everything except lactate, am- 
monia and titratable acid. 


Resuits. In all subjects the qualitative 
changes in urine and blood following 6063, 
ammonium chloride, and sodium bicarbonate 
were the same, and typical of those previ- 
ously described(12,13,14) after administra- 
tion of these substances. Fig. 1 illustrates 
these changes in one subject (A.M.) 

Concentrations of the various solutes in 
sweat collected in these experiments, reflect 
the site and mode of collection. The values 
are not necessarily comparable to those of 


Wm 6065 


Subject AM, 
NH4Cl - 


pH UNITS 


Pate 
25 
ws 
TITR.ACIDITY 
E ALKALINITY 


o- Nw hans @ 


SODIUM POTASSIUM CHLORIDE AMMONIA 


BICARBONATE pH 


FIG. 1. Changes in composition of urine and serum 
following 6063, ammonium chloride, and sodium 
bicarbonate. 


*pH of blood. 
+ Concentrations of various solutes in blood in 
mEq/liter. 


| A Beckman pH meter with an anaerobic electrode 
assembly was used for all pH determinations. 
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TABLE II. The Composition of Thermal Sweat* following Ingestion of NH,Cl, 6063, and NAHCO,. 


Titratable 


Date : acid, Ammonia, Sodium, Potassium, Chloride, Lactate, 
(1953) Subject Drug pH mEq/l mEq/1 mEq/l mEq/1 mEq/l] mEq/1 
6/15 T.M. Control 5.6 2.6 4.0 46.2 6.1 39.0 — 
23 6063 5.3 2.8 5.5 29.6 6.2 TOM = 
30 NAHCO, 5.6 3.5 5.8 29.4 5.9 16.5 — 
(U8 NH,Cl 5.8 2.0 3.2 35.3 4.7 28.0 4.5 
7 3 5.5 2.0 4.4 — — LOTT 15.8 
14 NAHCO,; 6.5 1.4 3.0 54.4 4.2 44.5 8.2 
21 6063 5.4 2.6 4.7 39.8 6.1 32.9 8.8 
27 Control 5.8 2.0 3.0 44.0 5.3 40.8 8.4 
6/15 A.M. 6063 5.9 1.5 3.6 38.8 5.0 31.8 7.5 
23 NH,Cl 5.1 2.0 3.5 38.8 6.8 29.3 5.9 
30 Control 5.2 3.0 4.1 36.8 6.1 26.1 17.4 
Wfa3 NAHCO,; 6.0 2.0 2.7 35.6 3.8 25.7 4.2 
7 ye 5.4 1.4 3.4 30.4 4.1 23.1 5.7 
14 Control 5.8 1.8 3.2 41,3 6.4 34,1 2.0 
21 NH,Cl 5.1 2.2 3.7 18.7 5.6 21.0 2.2 
27 6063 5.1 3.0 B22 27.4 5.5 24.8 6.0 
6/15 L.S NH,Cl 6.0 0.9 3.3 82.4 5.5 77.6 6.5 
23 NAHCO,; 5.5 2.0 3.4 67.0 5.1 55.7 12.5 
30 6063 5.2 3.4 3.7 45.1 4.0 38.8 4.9 
Vf 3 Control 5.0 4.0 2.2 34.9 4.3 24.6 7.0 
7 % 5.3 1.6 2.5 53.2 4.2 52.2 8.2 
14 6063 6.0 1.0 2.9 enn 4.2 62.9 4.2 
21 NAHCO, 5.6 2.6 3.0 52.4 4,2 47.1 3.8 
27 NH,Cl 5.0 2.4 3.0 51.7 5.3 48.9 5.4 
6/15 J.E. Control 5.6 3.6 3.8 75.7 6.0 61.2 6.4 
23 se 5.0 3.4 4.3 64.7 6.3 55.5 15.8 
30 S 5.0 3.0 4.0 51.6 4.5 44.1 12.6 
WES e 4.7 4.6 3.8 49.4 5.8 41.1 8.4 
If re 4.7 4.0 3.5 51.4 5.6 45.6 9.4 
14 ‘ 5.4 2.2 3.7 77.4 5.5 64.0 3.9 
21 y 5.0 3.2 4.5 65.1 5.7 54.9 5.0 
27 4 4.9 3.6 3.7 5.7 39.5 11.5 


* There was no measurable quantity of CO, in the sweat. 


sweat collected from the surface of the entire 
nude body(8). However the standardized 
procedure used allowed careful comparison of 
the effects of each drug on composition of 
sweat. The latter is presented in tabular form 
in Table II. As each subject showed surpris- 
ingly little variation in sweat rate, this vari- 
able has not been presented. 


It is apparent from Table II that there is 
no consistent relationship between the acid- 
base balance of body fluids and the ammonia, 
titratable acidity, pH or lactic acid of sweat. 
This is contrasted with the marked changes 
in urinary composition and pH following in- 
gestion of 6063, ammonium chloride and so- 
dium bicarbonate (Fig. 1). Concentration of 
potassium in sweat, approximated the values 
in normal serum, varied greatly from subject 
to subject, and bore no relationship to the 
substance ingested. Concentrations of so- 


dium and chloride consistently decreased dur- 
ing the first four exposures to heat in all sub- 
jects. This probably represented an acclima- 
tization phenomenon(3,4) rather than any 
effect of the substances ingested. The change 
in concentration of sodium and chloride dur- 
ing the last four exposures was not consistent. 

To confirm statistically the observations 
described above the data of Table II were 
analyzed by a simple ranking procedure.‘ 
This statistical approach confirmed the inter- 
pretation derived from simple observation of 
the data. 


Discussion. Under conditions of the pres- 
ent study, collected sweat was a moderately 
acid secretion, low in ammonia and titratable 
acid and of poor buffering capacity. Sweat 
maintained these characteristics regardless of 
the substance ingested or the alteration in 
acid-base balance produced. From the nega- 
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tive effect of 6063 it is apparent that in con- 
trast to urine the content of hydrogen ion in 
thermal sweat is not dependent on carbonic 
anhydrase activity. It probably results pri- 
marily from the content of lactic acid. The 
latter’s dissociation constant of 1.38 x 10% 
and the concentrations found adequately ac- 
count for the observed concentrations of hy- 
drogen ion. Weiner and von Heyningen(15) 
have shown that concentration of lactate in 
thermal sweat has no consistent relationship 
to its concentration in extracellular fluids. 
The evidence to date(15-17) strongly sug- 
gests that lactic acid of thermal sweat is de- 
rived from the metabolism of the sweat gland 
itself. Any bicarbonate ion which may enter 
the sweat from the extracellular fluid is rap- 
idly neutralized by lactic acid. 

Under the conditions of collection used it 
is very unlikely that the low levels of am- 
monia (2.7 to 5.8 mEq/l) were due to bac- 
terial or non-bacterial decomposition of the 
urea in thermal sweat. The values of am- 
monia in this study were very similar to those 
of Amatruda and Welt(7), Mezincesco(18) 
and Itoh and Nakayama(19). The latter in- 
vestigators have rather conclusively demon- 
strated that the ammonia in sweat is not se- 
creted by the sweat gland itself but results 
primarily from deamination of glutamine by 
skin glutaminases. Sweat proper has no 
glutaminase activity(19). 

In contrast to the kidney, the sweat gland 
has no regulatory role in the maintenance of 
the hydrogen ion concentration of the body 
fluids. However, in its ability to conserve so- 


{| This statistical approach was used because in set- 
ting up the experiment the effect of treatment was 
not completely separated from the effect of subject. 
Effects of treatment were examined by taking results 
for each of 8 separate days and considering values 
obtained for any particular variable on each day. 
These values for any one day were ranked in order 
(1 to 3) and an inspection made to find whether any 
particular treatment obtained consistently high or 
consistently low ranks on each day. Similarly, ig- 
noring the effect of days, the effect of the 3 forms 
of treatment on any variable were ranked against 
each subject. ‘The authors are indebted to Dr. C. 
White of the Biometric section of the Department 
of Public Health, Yale University for his suggestions 
on the statistical analysis of the data. 
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dium and chloride it holds a position between 
the gastrointestinal tract and the kidney. The 
former has no conservative function. 


Summary. 1. Thermal sweat, as collected 
in this study is a moderately acid secretion 
low in ammonia and titratable acid. 2. In- 
gestion of a carbonic anhydrase inhibitor 
(6063), sodium bicarbonate and ammonium 
chloride had no effect on the acid-base com- 
position of sweat regardless of changes in 
composition of extracellular fluid and urine. 
3. Sweat glands have no regulatory role in 
the maintenance of hydrogen ion concentra- 
tion of body fluids. 
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Enzyme Studies in Muscular Dystrophy. I. Muscle Proteolytic Activity and 


Vitamin E-Deficiency.* 
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‘From the Departments of Psychiatry and Medicine, Cornell University Medical College, the Russell 
Sage Institute of Pathology, and New York Hospital, N. Y. City. 


Milman e¢ al.(1) have reported that the 
diaphragm and skeletal muscles of rabbits 
with muscular dystrophy resulting from vit. 
E-deficiency release free amino nitrogen more 
slowly than do similar tissues from normal 
animals, when the method of Kline(2) is em- 
ployed. These in vitro results suggested that 
the diminution in muscle mass characteristic 
of the muscular dystrophy might be due pri- 
marily to decreased protein synthesis rather 
than to an accelerated rate of protein break- 
down. In order to investigate further the 
problem of protein metabolism in this form of 
muscular dystrophy we have studied the ac- 
tivity of the rabbit muscle proteolytic enzyme 
system described by Snoke and Neurath(3). 


Methods. Young rabbits (900 g) were 
kept in metabolism cages and given the dys- 
trophy-producing Diet 11 of Goettsch and 
Pappenheimer(4) which had been treated 
with 1% ethereal FeCl;. On the basis of pre- 
vious observations, the onset of muscular 
dystrophy was assumed to have occurred 
when the urinary creatine had risen above 
35-40 mg per day. Control animals were 
given Diet 11 supplemented with tocopherol. 
Animals were sacrificed, after stunning, by 
exsanguination. Mixed portions of muscle 
from the back and thighs were homogenized 
with twice their volume of 2% KCl at pH 6.0 
in a Waring Blender. After storing for 18-20 
hours the following 3 types of muscle prepa- 
ration were made from the homogenate: 1) 
Low-speed extract. The muscle homogenate 
was centrifuged for 20 minutes at 600 x g and 
the supernatant diluted with an equal volume 
of 2% KCl before assay. 2) Whole homogen- 
ate. The muscle homogenate was diluted 
with 2 volumes of 2% KCl and strained 
through gauze to permit pipetting. 3) High 


* Aided by Grants from Muscular Dystrophy 
Assns. of America, and National Institutes of Health, 
U. S. Public Health Service. 


speed extract series. The muscle homogenate 
was centrifuged for 30 minutes at 15000 x g 
and the supernatant removed. The residue 
was resuspended in a volume of 2% KCl 
equal to that of the previous supernatant. 
After 30 minutes a second extract was ob- 
tained by repeating the centrifugation. Three 
more 30-minute extracts were obtained by re- 
peating the above procedure. Each extract 
was assayed individually. The first extract 
was diluted with an equal volume of 2% KCl 
before determination of proteolytic activity. 
All of the above operations were carried out 
at 0-5°C. Nitrogen content of all of the 
preparations was determined by a colorimetric 
nesslerization procedure. The assay system 
was essentially that of Anson(5). To 5 ml 
of urea-denatured hemoglobin substrate ad- 
justed to pH 4.0 with 1 M acetic acid, were 
added 5 ml of the muscle preparation and 
either 5 ml of 0.12 M ferrous ammonium sul- 
fate or 5 ml of water. The mixtures were in- 
cubated at 37.5 + .5°C and 2 ml aliquots 
were periodically withdrawn and added to 5 
ml portions of 5% trichloroacetic acid. The 
precipitated proteins were removed by cen- 
trifugation and the optical density of the su- 
pernatants was determined at 280 mp in a 
Beckman spectrophotometer. The experi- 
mental values were corrected by subtraction 
of values obtained with blanks that contained 
all components of the incubation mixtures, 
except the muscle preparation. In _ experi- 
ments in which hemoglobin was absent, the 
incubation mixtures contained a urea-acetate 
buffer solution. 

Results. The effect of vit. E-deficiency on 
the proteolytic activity of the low speed mus- 
cle extracts was investigated in 4 series of ex- 
periments: 1) in the presence of both hemo- 
globin substrate and ferrous ion, 2) in the 
presence of hemoglobin substrate alone, 3) in 
the presence of ferrous ion alone, 4) in the 
absence of both hemoglobin and ferrous ion. 
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Effect of Vit. E-deficiency on proteolytic enzyme activity of muscle (low speed 


extracts). 


ie Specific activity — change in optical density/mg of muscle protein nitrogen/ml of incuba- 


tion mixture. 


In the absence of both hemoglobin substrate 
and ferrous ion(4), there was no measurable 
activity at the end of 60 minutes with the low 
speed extracts of muscle from either the con- 
trol or vit. E-deficient rabbits. The results 
of the other 3 series of experiments are plotted 
in the figure. Each point represents the av- 
erage of values obtained from 5 to 10 animals. 
The curves are calculated by the method of 
least squares(6). In the presence of ferrous 
ion and hemoglobin substrate the proteolytic 
activity of low speed extracts from control 
animals was the same as that reported by 
Snoke and Neurath(3) under similar condi- 
tions. In systems containing hemoglobin, vit. 
E-deficiency increased proteolytic activity 
80% in the presence of ferrous ion and 110% 
in the absence of this ion. These differences 
between the slopes of the activity curves of 
the control and vit. E-deficient low speed 
muscle extracts shown in the figure are sig- 
nificant at less than the 1% level. In experi- 
ments in which the system contained ferrous 
ion, but no hemoglobin, vit. E-deficiency in- 
creased proteolytic activity 50% but only dif- 
ferences above this level may be considered 
to be significant, The average protein nitro- 
gen content of the low speed extracts from 
the control group was 1.56 (0.93-2.72) mg/ 


ml as added to the incubation mixture and 
1.51 (1.17-2.67) mg/ml from the deficient 
group. This small difference in protein nitro- 
gen content as such, could not account for the 
increased specific activity during the de- 
ficiency. 

In another group of experiments the effect 
of vit. E-deficiency on the proteolytic activity 
of low speed extracts, the high speed extract 
series, and whole homogenates of muscle was 
compared. The results reported in the table 
represent data from 6 control and 5 deficient 
animals. The deficiency resulted in an in- 
creased proteolytic activity with each of the 
types of muscle preparations used. Due to 
the decrease in muscle protein nitrogen con- 
tent during the deficiency, the increase in spe- 
cific activity of the homogenate was much 
higher than the increase in activity per g wet 
weight of muscle. Results of the high speed 
extract series demonstrate that the proteolytic 
activity of the homogenate was completely 
extractable. The first 2 extractions of each 
high speed series accounted for 75% of the 
total activity and the proteolytic activity of 
the fifth extract approached the lower limit 
of measurement by the procedure used. Pro- 
teolytic activity of the individual high speed 
extracts of the deficient series was higher than 
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TABLE I. Effect of Vit. E-Deficiency on Proteolytic Enzyme Activity of Muscle.* 
Vit. E- 
Control deficient Ix % LN 
Low speed extracts 
a) No. of animals 5 5 
Animal numbers 1-3, 5, 6 UA 
b) mg protein N/ml 1.31 1.29 
(1.01-1.65) (1.12-1.44) 
¢) Specifie activityt 0.42 0.84 +0.42 +100 
(.36-.55) (.69-.91) 
Whole homogenatet 
d) No. of animals 4 4. 
Animal numbers 1, 3-5 deOmmlals 
e) mg protein N/g wet wt muscle 20.4 14.5 — 5.9 = 29 
(15.9-23.3) (12.7-15.8) 
f) Activity/g wet wt muscles 4.5 8.3 +3.9 + 87 
(3.3-6.5) (7.0-9.2) 
g) Specific activity, f/e 0.22 0.58 +0.36 +164 
(.15—.28) (.55-.60) 
High-speed extract series|| 
h) No. of animals 4 4 
Animal numbers 15 Bad (=O) 
i) mg protein N extracted/g wet wt muscle 7.53 7.49 
(6.53-8.51) (6.59-7.87) 
j) Activity/g wet wt muscle 4.1 Cost! +3.6 + 88 
(3.2-4.8) (7.3-7.9) 
k) % whole homogenate, j/f x 100 92 92 
(71-119) (84-105) 
1) Specific activity, j/i 0.54 1.02 +048 + 89 
(.43-.69) (.95-1.23) 


* Incubation mixtures contained hemoglobin and ferrous ion. Figures in parentheses are 


the range of values in each group. 


+ Specific activity = change in optical density/mg muscle protein nitrogen/ml incubation 


mixture/60 min. 


t Straining of homogenate to permit pipetting, resulted in loss of muscle material due to 
retention in gauze. Calculation of homogenate activity based on assumption that material re- 
tained was essentially similar to that passed through gauze. Since retention of material by 
gauze was due to differences in particle size in the homogenate, and activity/g of muscle of 
high speed extract series was the same as that of homogenate, this assumption appears to be 


valid. 


§ Activity/g wet wt muscle — change in optical density/g wet wt muscle/ml incubation mix- 


ture/60 min, 


|| Values obtained by summation of the five individual extracts in each series. 


their corresponding controls while protein 
nitrogen content was the same. Considering 
that there were a small number of animals in 
each series and that the different types of 
muscle preparation were not always obtained 
from the same animal, the 100% increase in 
specific activity of the low speed extracts dur- 
ing the deficiency is comparable to and not 
significantly different from the 89% increase 
in specific activity of the high speed extract 
series and the 87% increase of the whole 
homogenate. 

The proteolytic activity of low speed 2% 
KCl extracts of liver, spleen, and kidney was 


similarly assayed with hemoglobin substrate 
and without any added activator. Vit. E- 
deficiency had no effect on the proteolytic 
activity of such extracts of any of these tis- 
sues. 

Discussion. Although the definitive role of 
catheptic enzymes in the physiological proc- 
esses of the intact organism has not yet been 
established, there is reason to believe that 
cathepsins have an important function in 
metabolism(7). It has been reported that 
alterations in catheptic activity, at least re- 
flect, or correspond to variations in in vivo 
metabolism, even if the altered cathepsin ac- 
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tivity cannot be unreservedly interpreted as 
being the mechanism responsible for the 
changes observed im vivo(8-10). It is there- 
fore of interest that during vit. E-deficiency 
there is an increase in proteolytic activity as 
measured by the method of Anson(5). More- 
over, this increase appears to be confined to 
muscle, the only tissue in which obvious atro- 
phy has occurred. These findings, at first 
sight, would appear to be at variance with 
those previously reported from this laboratory 
(1). However, the contrary results obtained 
by these 2 different methods might support 
the suggestion of Simpson(11) that there are 
at least 2 different mechanisms of protein 
catabolism. The data(1) obtained by the 
method of Kline(2) on the release of free 
amino nitrogen suggested a diminished rate 
of protein breakdown secondary to a de- 
creased rate of synthesis; on the other hand, 
the increased proteolytic activity would sug- 
gest an accelerated rate of protein degrada- 
tion. The observed dimunition of muscle 
mass 7m vivo may be produced by the re- 
sultant of the changes in rates of two different 
mechanisms involved in protein metabolism. 


Summary. 1. The proteolytic activity of 
homogenates and extracts of muscles of rab- 
bits with muscular dystrophy induced by vit. 


E-deficiency was assayed with denatured 
hemoglobin as substrate. 2. Vit. E-deficiency 
resulted in increased proteolytic activity per 
g wet weight of muscle and per mg of muscle 
protein nitrogen of both the extracts and 
homogenates. 3. No change in proteolytic 
activity of spleen, kidney or liver was ob- 
served during vit. E-deficiency. 
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Persistence of Group A Streptococci in Tissues of Rabbits after Infection.*t 
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Group A streptococcal infections of the 
throat in man are symptoniatically of short 


* This work was done under the sponsorship of 
the Commission on Acute Respiratory Diseases, 
Armed Forces Epidemiological Board, and supported 
by the Office of The Surgeon General, Department of 
the Army, National Institutes of Health, Public 
Health Service, Bethesda, Md., and Minnesota Heart 
Assn., Minneapolis. 

t The authors take pleasure in acknowledging the 
technical assistance of Joan Floyd and Elizabeth 
Smithwick. : 


duration, but the host in a high percentage of 
cases continues to harbor the infecting or- 
ganism in ithe tonsils or pharynx for a period 
of weeks or months(1). In view of the ca- 
pacity of this organism to persist for long pe- 
riods in the tissues of man, it seemed of in- 
terest to determine its capacity to persist in 


t Present address: Department of Pediatrics, Van- 
derbilt University School of Medicine, Nashville. 

§ Present address: Department of Pathology, N. Y. 
University-Bellevue Medical Center, N. Y. City. 
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various tissues of an experimental animal. 

Materials and methods. Rabbits. Albino 
hybrid rabbits of either sex weighing 1.5-2.5 
kilos were employed in all experiments. Strep- 
tococct. Strains of type 1 or 24 group A 
streptococci were used in these studies. The 
strain to be used was grown for 18 hours in 
bacto-brain heart infusion (Difco) and vari- 
ous dilutions in this broth were used for ex- 
perimental infections. All injections were 
made under sterile conditions into the mar- 
ginal ear vein of the rabbit. Cortisone. A 
saline suspension of cortisone acetate 
(Merck) ‘in a concentration of 25 mg per 
ml was injected intramuscularly in the thigh 
according to the schedules described below. 
Blood cultures. Blood was collected from the 
marginal ear vein or directly from the heart 
in sterile tubes containing 3% sodium cit- 
rate. Pour plates were made by mixing 1 ml 
of blood with bacto-tryptose blood agar base 
(Difco). Broth cultures were also made by 
adding small amounts of blood to 10 cc 
amounts of bacto-brain heart infusion. Pour 
plates were examined for 3 days and broth 
cultures for 10 days before discarding. Organ 
cultures. All animals were prepared by clip- 
ping and shaving the chest and abdomen and 
then sacrificed by a blow to the head. The 
skin was prepared by scrubbing with green 
soap and then applying tincture of iodine and 
70% alcohol. Using aseptic technic the 
heart, one kidney, the spleen and part of the 
liver were removed. The organ to be cultured 
was cut into small pieces with scissors and 
the parts placed into 50 cc of bacto-brain 
heart infusion. These cultures were exam- 
ined over a period of at least 10 days. Group- 
ing and typing of streptococci. All strains of 
streptococci isolated were grouped and typed 
according ito the method of Swift, Wilson and 
Lancefield (2). 

Results. Persistence of group A strepto- 
cocci in tissues of rabbits after infection. To 
determine if group A streptococci persisted in 
the heart, liver, or kidney after disappearance 
from the blood stream the following experi- 
ment was performed. Twenty-nine rabbits 
were given an intravenous injection of 1 cc 
of a broth culture of type I group A strepto- 
coccus. Nine of these animals died before 
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the experiment could be completed, seven 48 
hours after injection of the streptococci, one 
at 7 days and one at 10 days. Repeated 
blood cultures were obtained at intervals of 
24 to 48 hours on the remaining animals. 
When at least 2 successive sterile blood cul- 
tures had been obtained, the rabbits were sac- 
rificed in groups of 4, and the heart, liver and 
kidney cultured. Animals were sacrificed as 
early as 7 days and as late as 16 days after 
infection. Twenty-five per cent of the rab- 
bits showed streptococci in one or more of the 
organ cultures. Two of these had had sterile 
blood cultures for 7 days before being sacri- 
ficed, 2 for 5 days, and one for 4 days. Three 
of the rabbits had had 4 sterile blood cul- 
tures, one 3, and one 2. The streptococci 
were isolated from one organ in 4 animals and 
in all 3 organs cultured in another. The 
heart was the site of localization in 2 in- 
stances, the kidney in 2 and the liver in 3. 
All strains of streptococci isolated were found 
to be group A, type 1, the same type as that 
used in infecting the rabbits. 

Another experiment was now performed to 
determine if streptococci could persist for 
much longer periods after infection. Nine- 
teen rabbits were sacrificed 35 days after the 
intravenous injection of 1 cc of a 107 dilu- 
tion of an 18 hour broth culture of a group A, 
type 1 streptococcus. In this experiment cul- 
tures were made of the liver, heart, kidney 
and spleen. In addition, if there was swell- 
ing of any of the joints, the joints were opened 
under sterile conditions and material taken 
from the joint cultured. Blood cultures were 
taken immediately before sacrifice and were 
obtained by direct cardiac puncture. At least 
5 cc of blood was cultured in 50 cc of brain 
heart infusion in each case. The results of 
this experiment are shown in Table I. Six 
of the 19 rabbits showed group A type 1 strep- 
tococci in one or more of the cultures taken. 
Two of the rabbits had streptococci in the 
blood and in 2 or more of the organs. Four 
of the rabbits showed streptococci in the ma- 
terial from the joints, 3 of these in conjunc- 
‘tion with positive cultures elsewhere, and in 
one the joint was the only site of isolation. In 
one rabbit the liver and heart were the only 
sites of localization. In addition to the cul- 
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TABLE I. Isolation of Group A, Type I Strepto- 
cocci from Rabbits 35 Days after Infection. 


-—Loealization of streptococei*——_, 


No. g © = rs S = 
rabbits a) iS eo Ms Q 5 
ie 0 0 0 0 0 0 

1 ti at. = 0 +9t--- 

1 0 oy ait (0) 0 = 

1 ae a ele ai 0 aa 

1 0 - 0 0 0 + 

1 0 ~ Ct 0 f ae 

it 0 0 0 0 0 + 

19 2 5 3 1 2 4 


* Tnitial infection established by intravenous in- 
jection of 1 ee of 10+ dilution of 18 hr broth 
culture. 

+ These strains of beta hemolytic streptococci 
were lost before the group and type could be iden- 
tified. 

t Cultures from heart of this animal were con- 
taminated. 


tures of the blood and joints, the liver was 
the site of localization in 5 instances, the 
heart in 3 instances, the spleen in 2, and the 
kidney in one instance. 

Reappearance of group A Streptococci in 
blood streams of rabbits treated with corti- 
sone. It has been shown that cortisone treat- 
ment of the host enhances many acute infec- 
tions in man and animals. Specifically, it has 
been demonstrated that cortisone greatly in- 
creases the pathogenicity of group A strepto- 
cocci for the rabbit(3). After it had been 
shown that group A streptococci could persist 
in the organs of rabbits without dissemination 
into the blood stream, an experiment was de- 
signed to determine the effect of cortisone on 
the reestablishment of bacteremia in these 
animals. 

Four rabbits were given an intravenous in- 
jection of 1 cc of a 107? dilution of an 18 hour 
broth culture of a group A type 24 strepto- 
coccus. Forty-seven days later, following 2 
sterile blood cultures in each animal, intra- 
muscular cortisone in the dosage of 25 mg 
per day was begun. Two days later blood 
cultures from 2 of the rabbits grew out beta 
hemolytic streptococci. The strain of strepto- 
coccus from one of the rabbits was lost before 
it could be classified. The strain isolated 
from the other rabbit proved to be a group 
A type 24 streptococcus. In this animal, 2 
subsequent blood cultures on the 3rd and 7th 
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days of cortisone treatment also contained 
type 24 streptococci. Cortisone was discon- 
tinued after 7 days. In the same 4 rabbits 
cortisone treatment in the dosage of 75 mg/ 
day was resumed on the 98th day following 
infection and was continued for 9 days. On 
the 6th day of cortisone treatment the blood 
culture of one rabbit contained large numbers 
of group A type 24 streptococci. All cultures 
with one exception taken during the following 
8 days contained the same strain of strepto- 
coccus. The blood cultures of the other 3 
rabbits, including the one that had had a 
positive blood culture earlier, remained ster- 
ile. This experiment indicates that strepto- 
cocci can persist in the tissues of rabbits for 
periods up to 104 days after infection. The 
part played by cortisone in the reestablish- 
ment of bacteremia is not clear, but the ster- 
ile blood cultures prior to treatment and the 
appearance of streptococci in the blood in 
large numbers after treatment suggest that 
cortisone was the responsible agent. 
Discussion. Data presented emphasize the 
capacity of the group A streptococcus to re- 
main viable in tissues for long periods, with- 
out blood stream dissemination. Persistence 
of streptococci was not correlated with 
demonstrable local tissue damage except for 
the joints, in which purulent arthritis was fre- 
quently encountered. Heart, liver and kidney 
tissues from which streptococci were cultured 
showed no evidence of suppurative infection. 
It is of interest that Green(4) reported the 
isolation of group A streptococci from the 
heart valves of 8 of 9 patients dying with 
rheumatic endocarditis. In all patients the 
blood was sterile and in 5 of the 8 patients 
the same serological type of streptococcus as 
that isolated from the heart had been isolated 
from the pharynx before death. Collis(5) in 
the same year reported the isolation of hemo- 
lytic streptococci from 22 of 42 heart valves 
from 17 patients dying with rheumatic endo- 
carditis. These strains of streptococci were 
not classified serologically and this report, 
therefore, does not carry the significance of 
Green’s but is of great interest in itself. As 
in Green’s study, cultures of the blood con- 
tained no streptococci. There were no signs 
of suppuration in any of the cases, the sole 
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lesion being that of rheumatic endocarditis. 
Thomson and Innes(6) in a continuation of 
Green’s work, isolated hemolytic streptococci 
from the heart valves of 5 patients dying of 
acute rheumatic fever. Cultures of 11 of 26 
valves, all showing acute rheumatic involve- 
ment, contained this organism. Cultures of 
heart blood or other organs in 3 of the cases 
also contained the same type of streptococcus 
as was isolated from the heart valves. The 
significance of these reports in regard to the 
pathogenesis of rheumatic fever has been a 
debatable point, but they suggest that in the 
human, as in the rabbit, streptococci may per- 
sist in tissues for long periods of time without 
bacteremia. Morris and his group from the 
Streptococcal Diseases Laboratory(7) have 
recently shown that penicillin therapy of 
streptococcal pharyngitis could be delayed 
until 9 days after the onset of the acute ill- 
ness and still result in a significant reduction 
in the subsequent occurrence of rheumatic 
fever. The antibody response of these pa- 
tients was only slightly inhibited. These data 
would seem to indicate that the development 
of rheumatic fever depends upon the persis- 
tence of the group A streptococcus and not 
necessarily on the antigen-antibody reaction. 

The reappearance of streptococci in large 
numbers in the circulating blood following 
cortisone administration is of some interest. 
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The observation suggests that cortisone has, 
in addition to its well-documented capacity 
to enhance acute bacterial infection, the prop- 
erty of reestablishing the systemic dissemina- 
tion of latent streptococcal infection, 
Summary. Group A streptococci persisted 
in the tissues of rabbits, in the absence of 
bacteremia, for periods up to 104 days follow- 
ing infection. Except in the case of suppura- 
tive arthritis such persistence was not asso- 
ciated with any demonstrable pathological le- 
sion. Cortisone might have played a part in 
reestablishing a bacteremia in rabbits long 
periods after the acute infection. The sig- 
nificance of these findings in relation to the 
pathogenesis of rheumatic fever is discussed. 
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In 3 previous papers(1,2,3), nucleotide lev- 
els in blood and other tissues of normal and 
tumor-bearing mice under various experi- 
mental conditions were recorded. Since cer- 
tain purine as well as folic acid antagonists 
are known to affect, at least temporarily, some 


* This investigation supported in part by research 
grant for National Cancer Institute of National Insti- 
tutes of Health, U. S. Public Health Service. 


types of neoplastic growth, and since it is 
presumed that such effects are mediated some- 
where in the chain of nucleotide metabolism, 
experiments were designed to measure quanti- 
tatively the influence of several purine an- 
tagonists and also of a folic acid antagonist 
on adenine nucleotide levels in tissues of tu- 
mor-bearing mice. 


Materials and methods. Purine antagonists 


264 


ANTAGONISTS AND TISSUE NUCLEOTIDES 


TABLE I. AA, ADP, ATP, and Total Nucleotide Content of Liver Tissue Taken from Mice 
Bearing 6-Day- -Old Sarcoma 180. Mean values expressed as mg % adenine, with standard er- 


rors, 


For statistical test, dosage, and injection data, see text. 


Total Sum (AA, 

Treatment N AA ADP ATP nucleotide ADP, ATP) 
Control 50 109+ .53 40+ .60 12:95 68) 57-2 eee ce 

6-mercaptopurine 10 10.2 + 1.00 2.4 + .72 8.5+1.06* 48.341.50* 21.1 + 1.24* 
8-azaguanine 9 8.2+1.84 51+ 2.05 15.0 + 2.07 62.5 41.58* 28.2 + 2.38 
2,6-diaminopurine Ut 10.2 + 1.02 4.0 + 1.31 11.1 + 2.03 53.8 + 2.64 25 ictal: 
Aminopterin 15 101+ .75 3.44 .79 14.54 .88* 5744140 28.12%1.22 
Aminopterin ++ I 129+ 98 54+1.07 9.3+1.20* 566+1.99 27.6%1.34 


adenyle acid 


* Difference between this and control values at top of column is statistically significant. 


N—WNo. of determinations made. 


selected were 2, 6-diaminopurine, 6-mercapto- 
purine, and 8-azaguaninet; the folic acid an- 
tagonist was 4-aminopteroyl-glutamic acid 
(Aminopterin, Lederle Lot. No., 3001C-10).# 
In one experiment, aminopterin and adenylic 
acid were injected simultaneously; in another, 
folic acid was tested for its independent effect 
on nucleotide levels. These compounds, in 
fine-ground aqueous suspension and in 
amounts approximating dosages described in 
the literature on mouse chemotherapy experi- 
mentation, were injected into mice bearing 
6-day-old implants of sarcoma 180. Female 
Swiss mice of standard age and weight were 
used throughout. Each experiment involved 
the use, except where otherwise indicated, of 
two .5-ml intraperitoneal injections, one made 
18 hrs and the other 2 hrs before sacrifice of 
animal for tissue assay. Dry weight content 
of each injection for each compound was: 
6-mercaptopurine—.2 mg; 8-azaguanine— 
2.8 mg; 2, 6-diaminopurine—1.6 mg; aminop- 
terin—.5 mg; adenylic acid—5 mg (intraven- 
ous in .2 ml water); folic acid—I1 mg. Ani- 
mals were killed by cervical fracture; then as 
quickly as possible tissues were excised and 
dropped into liquid nitrogen. The central 
necrotic core of each tumor used was removed 
and discarded. Tissues were often taken from 
multiple donors of the same experimental 
-Class to yield a wet weight aliquot of about 
1 g. For muscle assay, a rectangular section 
from ventral abdominal musculature was 


t Supplied through kindness of Dr. G. H. Hitch- 
ings, Wellcome Research Laboratories, Tuckahoe, 
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¢ Supplied through kindness of Dr, H. P. Broquist, 
“Lederle Research Laboratories, Pearl River, N. Y. 


used. The frozen tissues were pulverized and 
extracted once with a 5-ml aliquot of cold 
10% trichloracetic acid and twice with 2-m] 
aliquots of 5% trichloracetic acid. After cen- 
trifugation, extracts were combined, neutral- 
ized, made to 10 ml volume, treated with .5 
ml of 25% barium acetate and 4 volumes of 
ethanol, and placed in cold room overnight. 
Barium precipitates were collected by centri- 
fugation, dissolved in dilute HCl, freed of 
barium with Na»,SO,, neutralized, made to 
volume and assayed enzymatically for aden- 
ine attributable to adenylic acid (AA), adeno- 
sine diphosphate (ADP), and adenosine tri- 
phosphate (ATP), by methods described 
earlier(1). Total nucleotide was determined 
spectrophotometrically from the 2600 A read- 
ing. 

The results are summarized in Tables I-V, 
where number of determinations made are 
shown together with mean levels of nucleo- 
tides measured; also the standard error of the 
mean. If the difference between means ex- 
ceeded the S. E.aire, by 2 or more times (see 
formula, p. 232(3)), the difference is con- 
sidered significant and so indicated with an 
asterisk. In all cases, comparison is made 
with values derived from uninjected tumor- 
bearing control animals. 

In liver tissue, Table I, 6-mercaptopurine 
lowers the level of ATP significantly, as well 
as total nucleotide and the sum of known nu- 
cleotides. Lowering of the sum of known 
nucleotides (last column) is largely a reflec- 
tion of the lowering of ATP. 8-Azaguanine 
raises total nucleotide by a small but sig- 
nificant amount, but this rise is not due to an 
increase in any of the nucleotides measured 


Ae RO emi 


ANTAGONISTS AND TISSUE NUCLEOTIDES 


265 


TABLE II, AA, ADP, ATP, and Total Nucleotide Content of Spleen Tissue Taken from Mice 
Bearing 6-Day-Old Sarcoma 180. 


Total Sum (AA, 

Treatment N AA ADP ATP nucleotide ADP, ATP) 
Control 52 74+ .46 2.8 + .40 Go 56 513 == -73 PA fea) A649) 

6-mercaptopurine 9 6.5 + 1.06 2.4 + 47 15.2+ .67 51.3 + 1.45 24.2 + 1.01* 
8-azaguanine 9 7.5 + 1.23 = .31* 20.7 + 1.23* 55.2 - 2.62 28.6 + 1.85 
2,6-diaminopurine 7 46+ .61* 3.2 + .78 171+ 97 50.8 + 1.67 24.9 +2 1.17 
Aminopterin 14 5.8+ .80 12+ .64* 18.7+114 49.8+125 25.841.45 
Aminopterin + dal TAt .75 3.1 + .79 1584147 482+1.34 2601.66 


adenylic acid 


* See footnote, Table I. 


and must therefore represent nucleotide of 
presently unknown identity. 2, 6-Diamino- 
purine has no effect on the level of liver nu- 
cleotides. Aminopterin raises the ATP level, 
while adenylic acid, which by itself was found 
earlier(3) to raise the ATP level in liver, 
lowers it when given simultaneously with 
aminopterin. 

In spleen tissue (Table II) 6-mercaptopur- 
ine effects on separate known nucleotide levels 
are not statistically significant, while the sum 
of the 3 changes is. 8-Azaguanine changes 
the ADP and ATP but not the ‘total nucleo- 
tide levels; 2, 6-diaminopurine produces no 
effect in spleen other than a lowering of the 
AA. Aminopterin depresses the ADP level; 
when given with adenylic acid it appears, as 
in liver, to prevent the rise of spleen ATP ex- 
pected from adenylic acid administered alone 
(39) 

In muscle tissue (Table III), 6-mercapto- 
purine induces a lowering of ADP and ATP as 
well as of total nucleotide and the sum of 
known nucleotides. 8-Azaguanine does not 
affect muscle nucleotide levels, nor do 2, 6- 
diaminopurine or aminopterin. Aminopterin 
with adenylic acid, however, significantly 
changes the levels of AA, ATP, total nucleo- 


tide, and the sum of known nucleotides. 

In tumor tissue (Table IV), 6-mercapto- 
purine lowers the sum of known nucleotides 
without, however, reflecting itself in individ- 
ual values. 8-Azaguanine raises total nu- 
cleotide, while 2, 6-diaminopurine has no ef- 
fect. After aminopterin administration, the 
most striking effect seen during these experi- 
ments is displayed: a lowering by about 50% 
of the ATP in tumor tissue. Total nucleotide 
as well as the sum of known nucleotides are 
also considerably lowered. When adenylic 
acid is administered concurrently with amin- 
opterin, the depression of ATP level, as well 
as total nucleotide and the sum of known 
nucleotides, is more pronounced than when 
either adenylic acid(3) or aminopterin is used 
alone. 

The effect of aminopterin on tumor nucleo- 
tide raised the question as to whether this 
might be due to folic acid which frequently 
contaminates preparations of aminopterin. 
To appraise this possibility, a separate ex- 
periment was performed using folic acid. The 
outcome, summarized in Table V, indicates 
that injected folic acid has litle effect on 
nucleotide levels of tissues examined. Paren- 
thetically, control values in Table V vary 


TABLE III. AA, ADP, ATP, and Total Nucleotide Content of Muscle Tissue Taken from 
Mice Bearing 6-Day-Old Sarcoma 180. 


Total Sum (AA, 
Treatment N AA ADP ATP nucleotide ADP, ATP) 
Control 49 2.44 .24 23+ 389 54.24122 7134 .78 58.9 41.29 
6-mereaptopurine 10 2.3 + .38 134+ .27* 43.94 1.88* 63.44 1.37" 48.5 + 1.42* 
8-azaguanine 9 2.2 + .52 14s= (37 § 54.0: 3.36 70.9 96 57.5 + 3.52 
2,6-diaminopurine 6 1.6 + .58 3.0+1.3 50.0+3.58 67.1+2.26 54.5 + 3.06 
Aminopterin 14 2.8 + .33 I 2152) 55.435 1,91 972.9 S2 1.50 99.426) 1.69 
Aminopterin + 9 BOs 8" 1 2'3) 2 112 9 148.4 4 2.28" 59.85 Woe 48.9 221.29" 


adenylic acid 


* See footnote, Table I. 
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ANTAGONISTS AND TISSUE NUCLEOTIDES 


TABLE IV. AA, ADP, ATP, and Total Nucleotide Content of Tumor Tissue Taken from Mice 
Bearing 6-Day-Old Sarcoma: 180. 
_——_—_—_—_—_—_————<— 


Total Sum (AA, 
Treatment N AA ADP ATP nucleotide ADP, ATP) 
Control 51 3.3 + .23 1.942 31 9" 10)2'-— 9.85" 23992 298-4 eas 
6-mercaptopurine 0 3.1 + .33 12° 31 88+ .78 37.82.23 13.222 774% 
8-azaguanine 9 3.2 + .45 1.7 + 1.05 11.9 + 1.18 47.5 +1.79* 16.7 + 1.438 
2,6-diaminopurine 7 3.1 + .70 20+ .70 10.3+ .69 40.8 + 2.20 Loa stenoo 
Aminopterin 16 1.7 + .36* 12+ .33 5.5 + .61* © 27.3 a2 1.78" SyAna Oo 
Aminopterin ++ 11 3.0 + .26 15+ .58 28+ .52* 206+ .96* fideo noo 


adenylic acid 


* See footnote, Table ied 


somewhat from those listed in the other 
Tables. We have no explanation for this, 
other ithan that the experimental work upon 
which Table V is based was done at a dif- 
ferent time of year than that upon which 
Tables I-IV is based. The possibility of sea- 
sonal or other periodic variations in tissue 
nucleotide levels emphasizes the need to em- 
ploy controls for each experimental manipu- 
lation. Our adherence to this principle is 
reflected in the relatively large number of 
control determinations summated in Tables 
I-IV. 

The effect of combined aminopterin and 
adenylic acid is interesting in relation to the 
concept of “concurrent blocking” proposed by 
Elion, Singer, and Hitchings(4), and also to 
the earlier concept of ‘‘sequential blocking” of 


Potter(5). Additionally, the work of Skip- 
per and his co-workers is relevant in this con- 
nection(6). 

Further consideration of biochemical 


mechanisms involved in the effects reported 
here will not be undertaken at present, other 
than to note the possibility that such meta- 


bolic antagonists, singly or in combination, 
may affect not only the chain of purine syn- 
thesis but also the purine moiety of adenosine 
co-enzymes. 

The clue provided by the present data—.e., 
the effect of concurrently administered amin- 
opterin and adenylic acid on ATP and total 
nucleotide in tumor tissue—is serving as the 
basis for continued studies. The other 
changes asterisked in the Tables as statis- 
tically significant are, in many cases, of in- 
sufficient magnitude to justify conclusions of 
firm metabolic significance. 

Summary. 1. Tumor-bearing mice were 
subjected to short-term treatment with vari- 
ous purine and folic acid antagonists, then 
sacrificed for quantitative assay of tissue 
adenine nucleotides. 6-Mercaptopurine some- 
what lowered the levels of ATP, total nucleo- 
tide, and the sum of known nucleotides in 
liver and muscle, and to a lesser extent in 
spleen and tumor tissues. 8-Azaguanine 
raised total nucleotide levels in liver and tu- 
mor tissue, but not in muscle or spleen. 2, 
6-Diaminopurine was essentially without ef- 


TABLE V. AA, ADP, ATP, and Total Nucleotide Content of Tissues Taken from Control and 
Folic Acid-Treated Mice Bearing 6-Day-Old Sarcoma 180. 
aeajwooyq=$0-aoololeoeoooee—s$=S=~>onwmvowOomoaoooooononooT*TSSS=$@aooo”””-E€e oe 


Total Sum (AA, 

Tissue N AA ADP ATP nucleotide ADP, ATP) 
(Control) 

Liver 8 6.6 + .68 2.0 + .87 S10 2B 92) A021 BG 7.2 90 

Spleen 8 3.2 + .76 2.1 + .90 ree 8.0.6 pa Oneal 59) 

Muscle 7 2.1 + .23 6+ 39 4824245 6094182  50.9+2.99 

Tumor 10 2.1 + 38 1.2 + .52 66+ 44 296+ .94 9.9 + .74 
(Folie acid-treated) 

Liver 9 5.6 + .67 2.3 + .96 9541.07 429+1.99 17.4+1.06 

Spleen 10 a) ae ail 2.0 + .47 11.8 + 63) (40.8 4-1.71° 17:7 = 64 

Muscle 10 3.8 + .59* 9+ .36 4864180 6454130 53.341.84 

Tumor 8 2.44 51 8+ .44 TOS .36) 7 334s 147 1002 Se 7 


* See footnote, Table I. 
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fect on nucleotide levels in these tissues. 2. 
Aminopterin elevated slightly the ATP level 
in liver but was without effect on ATP in 
spleen or muscle. In tumor tissue, amino- 
pterin reduced the ATP level by nearly 50% 
and, when used concurrently with adenylic 
acid, by nearly 70%. 
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Changes in Lipid and Electrolyte Concentrations in Adrenalectomized 


Rats After Alloxan. 


(21559) 


ABRAHAM Dury. 
From Dorn Laboratory for Medical Research, Bradford Hospital, Bradford, Pa. 


It has been adequately shown that in al- 
loxan diabetic animal the beta-islet cells are 
damaged and there is reduction of the insulin 
content in the pancreas(1). However, cer- 
tain metabolic function tests performed on 
alloxanized animals indicate that lack of in- 
sulin alone can not account for the wide di- 
vergencies observed in the fasting blood su- 
gar level, the types of glucose tolerance 
curves, and lack of relationship between 
symptoms when fasted and extent of hyper- 
glycemia when not fasted(2). The changes 
in blood glucose levels after alloxan are well 
documented (3,4) but little is known concern- 
ing the effect of this drug upon other tissue 
chemical constituents nor is it known what 
factors may be responsible. Pertinent to 
this problem was the demonstration by Gold- 
ner and Jauregui(5) that alloxan inhibited 
spontaneous glycolysis in the liver as well as 
adrenalin-induced glycolysis. Recently, 
Dury(6) showed that soon after alloxan ad- 
ministration in intact rats the concentrations 
of liver lipid components, and plasma and 
liver electrolytes were significantly altered. 
Collateral data in that study indicated the 
alterations in tissue constituents during the 
first 24 hours after alloxan were in the nature 
of “stress” types of responses and might be 
adrenocortically conditioned. This paper re- 
ports the results of experiments on adrenalec- 
tomized rats. 


Materials and methods. Male Wistar rats 
‘weighing 275-325 g were adrenalectomized 
3-4 days before intravenous alloxan was ad- 
ministered. The rats were given a 1% NaCl 
solution for drinking purposes and laboratory 
chow ad libitum. A 5% solution of alloxan 
(Eastman #1772) was injected at the value 
of 40 mg/kg body weight directly into an ex- 
posed femoral vein in all experimental ani- 
mals. Control rats received an equal quan- 
tity of physiological saline (0.1 ml/100 g 
body weight) and sacrificed for tissue speci- 
mens 4 hours later. The results are reported 
on groups of rats comprising 2 series as fol- 
lows: Series I—Rats sacrificed at 4 and 74 
hours afiter alloxan; Series II A—Groups of 
rats maintained with 1% NaCl for drinking 
purposes and in addition given daily injec- 
tions of 0.1 ml Lipo-adrenal extract (Up- 
john) from the day of adrenalectomy to sac- 
rifice at 4, 24, and 72 hours after alloxan 
administration. Series II B—Groups of rats 
similarly maintained and treated as above 
but given a subcutaneous injection of 0.2 ml 
Lipo-adrenal 30 minutes before alloxan ad- 
ministration. These animals were sacrificed 
at 4 and 24 hours after alloxan (the latter 
also received an additional 0.2 ml Lipo- 
adrenal 4 hours before being sacrificed). The 
rats sacrificed 72 hours after alloxan were 
fasted approximately 20 hours before the 
drug was administered but food and salt solu- 
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tion were available ad libitum from then un- 
til they were sacrificed. The animals in the 
other groups were not fasted before alloxan 
injection. Ether anesthesia was used for all 
surgical procedures, intravenous injections 
and when the tissues were taken for chemical 
analyses. Heart blood was obtained from the 
anesthetized rat by cardiac puncture in a 
syringe moistened with heparin. The blood 
was immediately centrifuged and the plasma 
removed for chemical determinations. Sec- 
tions of liver and gastrocnemius muscle were 
obtained for glvcogen(7,8) and electrolytes 
determinations. The sodium and potassium 
content of liver, plasma and muscle were de- 
termined with the aid of an internal lithium 
standard flame photometer.* The electrolytes 
of muscle and liver were determined on sam- 
ples of dried, defatted tissue after ashing at 
425°C overnight. The values are represented 
as meq. per 100 g fat-free solids. The details 
of the methods employed for liver lipids anal- 
yses at this laboratory were described previ- 
ously(9). Glucose in plasma was determined 
by tthe photometric method of Nelson(10). 


Results. Tissue constituents in adrenalec- 
tomized rats maintained with drinking solu- 
tion of 1% NaCl. The concentrations of vari- 
ous tissue constituents in groups of rats sacri- 
ficed at 4 and 72 hours after alloxan and in 
controls are presented in Table I. These 
data show that alloxan had not induced any 
alterations in the concentrations of the liver 
lipid fractions of the group 4 hours after ad- 
ministration of the drug, nor any of the other 
constituents except a significantly decreased 
concentration of liver potassium. In the 72 
hour post-alloxan group, the concentrations of 
liver total cholesterol and its fractions, liver 
and muscle potassium, and plasma glucose 
were significantly elevated; whereas liver and 
muscle glycogen concentrations were signifi- 
cantly lower than control values. 


2. Tissue constituents in adrenalectomized 
vats maintained with 1% NaCl and daily 
small doses of Lipo-adrenal. The concentra- 


* Flame photometer used is of the type described 
by Berry, Chappell, and Barnes (Indust. & Eng. 
Chem., Analyt. Ed., 1946, v18, 19). The particular 
model was made by Mr. Chappell. 


ADRENALECTOMY ALLOXAN EFFECTS. TISSUE CHEMISTRIES 


TABLE I. Concentrations of Chemical Constitu- 
ents in Tissues of Adrenalectomized Rats Main- 
tained with 1% NaCl Solution. 


Tissue Controls 
constituents 8 After alloxan™ 
Liver lipid frac- 
tions (g %) 
Total lipids 471+ .08t 5.17 (4.16-5.83) ft 
PEP, 432+ 12 4.74 (4.25-5.31) 
Total chol. 24+ .006 322+ .02 ** b 
Free ” 22+ 005 .24+ .003 tt b 
Ester ” 05+ .005 08+.02 ** b 
Neutral fat ME Se A005) OL CL0=96) 
Liver glycogen, V4 07] 7.028, 201 ab 
£ % 
Muscle glycogen 25+ .01 .200+.02 Tt b 
183 
Plasma, meq/L 5.57 + .10 5.95 (4.74-8.52) 
Liver, a8 28.4 + .6 25.3) Ole eed 
31.8=- 1.1 tt b 
Muscle, ” 40.8 + .7 44,44 9 ** pH 
Na: 
Plasma,meq/L 139.4 + .7 140.2 (137-142.2) 
Isiver, oo ans NO iene 2! 7.6 (5.8-10.3) 
Muscle, ”’ Wait SS oy 9.8 (7.1-11.7) 
Plasma glucose, 177. +6. 366. + 95. ** b 
mg % 


* Groups of rats 4 hr (a), and 72 hr (b) after 
alloxan, 8 and 5 animals in each group, respec- 
tively. 

+t Mean + S.E. 

t Where the concentrations of the various con- 
stituents in each exp. group were not different. 
from the mean value in control group then the 
combined mean value and range in groups (a) and 
(b) is given; where an individual value in a group: 
was different from controls then the mean + §.E. 
is given. ‘‘P’’ value .05-.01 indicated by tt; and 
0.01 and less indicated by **. 

§ Values expressed/100 g fat-free solids. 


tions of various tissue constituents in groups 
of rats at 4, 24, and 72 hours after alloxan and 
controls are presented in Table II, Part A. 
The concentrations of liver lipid fractions in 
rats 24 hours post-alloxan were not different 
from respective control mean values. In the 
4- and 72-hour post-alloxan groups, the con- 
centrations of liver total cholesterol and its 
fractions were significantly different from the 
controls but the concentrations of total lipids, 
phospholipids and neutral fat did not deviate 
from control values. The blood glucose levels 
in these two groups were significantly ele- 
vated, and tthe liver glycogen content was sig- 
nificantly decreased in the 72-hour post-al- 
loxan group. 

The data in Part B, Table II show the 
alterations in concentrations of various chemi- 
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TABLE II. Concentrations of Chemical Constituents in Adrenalectomized Rats Receiving 
Lipo-Adrenal Extract. 


eaxngpeyeyoqwq*7?09Wwww—OXOxwOO ooo 


Tissue Controls Series IT A Series IIT B 
constituents after alloxan* after alloxant 
Liver lipid fractions 

(g %) 

Total lipids 5.38 + .08t 5.32 (3.82-6.81) t 5.37 (4.58-5.49) 

Pie 455+ .12 4.65 (3.43-6.14) 3.92 (3.56-4.28) ** a,b 

Total chol. 25+ .005 23 + .005 tt a 24 ( .20— .27) 

2 + 01 ** © 
Hreem. 7 18+ .007 .20 + .004 tt a .21 ( .18— .27) tt a,b 
24+ .006 ** © 

Ester ” .07 + .008 03 + .004 ** a .03 ( .01- .06) ** a,b 

Neutral fat Bf See Sif .37 (.04-.89) WO) (C sKUS Gay) ee eas 
‘Liver glycogen$ 1.73 + .23 AOS) a ADs oe Halles ey 6s 10) 
Musele ” 238 + .008 DIOL BOO) — 
K: 

Plasma meq 5.06 + .14 5.56 (4.44-8.36) Onna eee 2 9) 

Liver a 30.6 +1.2 30.5 (23.5-41.1) 35.2 re) 8 ** b 

Musele ” 40.0 +1.0 43.4+ .6 tt b 43.0 +.4 tt b 
Na: 

Plasma ” 141.5 + .07 141.5 (135.0-147.2) 139.6 (136.2-145.2) 

Liver fe 8.6 + .4 (ay Giese ae aetey 8.8 (7.2-11.0) 

Muscle ” Ao sy wee 5) 9.2 (7.3-13.8) 9.1 (6.7-10.1) 
Plasma glucose 77. =E6 COLO ame ea 250. + 28 tt a 


* Groups of rats 4 hr (a), 24 hr (b), and 72 hr (¢) after alloxan, 8 rats in each group. 


+t Groups of rats 4 hr (a), and 24 hr (b) after alloxan, 6 rats in each group. 


lipo-adrenal dosage and timing. 
¢t See legend, Table I. 


See text for 


§ Concentrations of various constituents expressed same as in Table I 


cal constituents in groups of rats after alloxan 
which were maintained as those above but had 
received 0.2 ml Lipo-adrenal (twice the regu- 
lar level) approximately 4 hours before being 
sacrificed. The concentrations of liver lipid 
components in both groups (4 hours and 24 
hours post-alloxan) presented a similar pic- 
ture: Phospholipid concentrations — signifi- 
cantly decreased, free cholesterol elevated, 
and ester cholesterol concentrations signifi- 
cantly depressed. The neutral fat concentra- 
tion in both alloxan-treated groups was sig- 
nificantly increased (approximately 200%). 
The blood glucose level in the 4-hour group 
was significantly elevated but not different 
from the control value in the 24-hour group. 
The concentration of liver glycogen 24 hours 
post-alloxan was markedly depressed, whereas 
the concentration of potassium in plasma, 
liver, and muscle was significantly elevated. 
Discussion. In a previous report(6) it was 
shown that at 4 and 24 hours following al- 
loxan administration in intact rats marked 
changes occurred in the concentration of cer- 


tain chemical constituents of plasma and 
liver, particularly in the liver lipid fractions. 
It is evident from the data presented here 
(Tables I and IIA) that this was not the case 
in the adrenalectomized rat. Furthermore, 
the administration of small doses of Lipo- 
adrenal extract had not influenced this lack of 
“responsiveness” to alloxan. This is note- 
worthy, especially in the group 72 hours after 
alloxan, since the blood glucose in these ani- 
mals was significantly greater than in con- 
trols. It is well-established that the occur- 
rences of the primary and final phases of hy- 
perglycemia observed after alloxan injection 
are dependent upon the function of the 
adrenal cortex since this condition is amelior- 
ated by adrenalectomy(11,12) or chemical 
ablation of the zona reticularis and fasiculata 
of the adrenal cortex(4). The data presented 
here indicate that in intact rats the adrenal 
cortex was functionally involved in the altera- 
tions in concentration of liver lipid compon- 
ents, and the sodium and potassium content 
of plasma, liver, and muscle after alloxan ad- 
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ministration. This interpretation appears 
probable from the results found in the adren- 
alectomized groups given twice the maintain- 
ing level of Lipo-adrenal (Table II, Part B) 
in the attempt to simulate a condition of in- 
creased available adrenocortical hormone be- 
tween the ‘time of alloxan injection and sacri- 
fice of the animals. The data indicate that 
this relatively small change in hormonal 
status of these rats was sufficient to influence 
the nature and extent of change in tissue 
chemical constituents. The results presented 
here and in the intact rat(6) strongly suggest 
that the adrenal cortex is involved in the 
mechanism of early changes in concentration 
of chemical components of tissues after al- 
loxan, and may be involved in the pathologic- 
biochemistry of continued alloxan diabetes. 


Summary. 1. Concentrations of liver lipid 
components, and liver, muscle and plasma 
electrolytes, glycogen and glucose were deter- 
mined at 4, 24, and 72 hours after alloxan in- 
jection in adrenalectomized groups of rats. 
One series was maintained with 1% NaCl and 
a second series received daily injections of 
small levels of Lipo-adrenal extract in addi- 
tion to the saline. In both series a moderate 
hyperglycemia was extant at 72 hours after 
alloxan; but at 4 and 24 hours the blood glu- 
cose levels were only slightly or not different 
from the controls. This was in marked con- 
trast to the hyperglycemia found in intact 


Porphobilinogen and ¢-Amino Levulinie Acid in Acute Porphyria. 


S. GRANICK AND Henry G. VANDEN SCHRIECK. 


PORPHOBILINOGEN AND 6-AMINO LEVULINIC ACID 


rats at these intervals after alloxan. 2. In 
contrast to the changes in concentration in 
liver lipid components and liver and plasma 
electrolytes found in intact rats after alloxan 
at these periods, adrenalectomy apparently 
effectively prevented their occurrence. 3. An 
increase in the exogenously administered dose 
of adreno-cortical material just before alloxan 
injection resulted in significant alterations in 
liver lipid components as well as increased 
potassium concentration in plasma, muscle, 
and liver. 
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(Introduced by H. G. Kunkel) 


From Laboratories and Hospital of Rockefeller Institute for Medical Research, N. Y. City. 


Acute porphyria is an inheritable metabolic 
disease characterized by attacks of abdominal 
pain, nervous symptoms, and the excretion of 
porphobilinogen(1). In the acute phase of 
the disease much porphobilinogen is excreted. 
However, during remission some individuals 
who have the disease may excrete little or no 
porphobilinogen(2). Others, during remis- 
sion may continue to excrete 20-50% of the 
porphobilinogen which was excreted during 


relapse. Several lines of evidence suggest 
that the liver is the organ primarily involved 
ays 

The opportunity was presented to study the 
quantitative aspects of porphobilinogen exere- 
tion in a case of acute porphyria. At the same 
time, experiments were made to determine 
whether 4-amino levulinic acid, a precursor of 
porphobilinogen(3,4) might also be excreted 
in the urine in this disease. In addition to the 
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Amount 
of pain 
, 160 
Porpho- 420 
bilinogen 
(mq,) 80 
40 
pole She A it Pa a Nea he SE 
Days 0 10 20 30 40 50 
FIG. 1. mg porphobilinogen excreted daily in 


urine of a patient, with acute porphyria. The 
amount of pain is estimated as proportional to the 
amount of demerol required for sedation. 


above data, a few other preliminary experi- 
ments are here recorded. 

Experimental. The daily output of por- 
phobilinogen in the urine of L.W., a 35-year- 
old female, is remarkably high, on the aver- 
age 80-120 mg/day (Fig. 1). This rate of 
excretion remained high during periods in 
which only mild symptoms or no pain was ob- 
served. The onset of pain cannot be predicted 
by following the daily porphobilinogen excre- 
tion. The porphobilinogen in the urine was 
determined directly with Ehrlich’s reagent 
(2% dimethyl amino benzaldehyde in 6.0 N 
HCl). Because of the relatively high con- 
centration of porphobilinogen, the urine could 
be diluted sufficiently to avoid interfering re- 
actions that would be caused by other urine 
constituents(5). In a 10 cc volumetric flask 
were added 0.1 cc urine, 4.9 cc H2O, and 5.0 cc 
of Ehrlich’s reagent. A color developed whose 
density between 0.05 and 0.10 in a cell 1 cm 
long was read at 555 mp in a Beckmann spec- 
trophotometer exactly 5 minutes after adding 
the reagent. The color which is developed 
from the porphobilinogen is equivalent to a 
molar extinction coefficient of 36,000 under 
these conditions (where the molar extinction 


its 1 
= log 10 —° : 
I cmxmole/] 


The presence of 5-amino levulinic acid in 
urine of acute porphyria patients has not been 
reported previously. Preliminary studies in- 
dicated that in the urine of L.W., 6-amino 
levulinic acid may be excreted to the extent 
of about 40% by weight of the porphobil- 
inogen excreted, i.e., one day’s output was ap- 
proximately 40 mg. The method for 6-amino 
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levulinic acid determination depends on the 
removal of porphobilinogen from the urine by 
passing the urine through a column of Dow- 
ex-2x2 resin as the acetate. The eluate then 
contains the 6-amino levulinate, urea and 
amino acids. The eluate is now passed 
through a column of Dowex-50x8 resin as the 
chloride. Urea is removed from the resin by 
elution with water. Then the 45-amino levu- 
linic acid is eluted from the resin with 0.5 M 
phosphate buffer, pH 7.0. The eluate con- 
taining the 6-amino levulinic acid is coupled 
with acetyl acetone at pH 4.6 by heating the 
mixture in a boiling water bath for 10 min- 
utes. A pyrrole compound is thus formed 
which gives a color with an equal volume of 
the Ehrlich reagent and is read at 555 mp 
five minutes after mixing; with a density be- 
low 0.2 in a cell 1 cm long, the molar extinc- 
tion is 24,500. 

The high level of porphobilinogen excreted 
by L.W. during periods when no outward 
symptoms of pain were present is suggestive 
that porphobilinogen, per se, is not toxic. To 
test whether 5-amino levulinic acid might be 
toxic, 20 mg of this compound were injected 
intraperitoneally into a white rat of 150 g- 
weight. No symptoms of distress were ob- 
served. The next day the urine was found to 
contain a small amount of a pigment which 
appeared to be a zinc porphyrin. In ether the 
pigment had absorption bands at 575 and 535 
my. When this ether solution was extracted 
with 3 N HCl the aqueous solution now con- 
tained 2 bands at 548 and 590 my» typical for 
a porphyrin in acid solution. These proper- 
ties suggest that the urinary pigment was a 
zinc porphyrin lacking vinyl groups(6,7). 
The contents of the stomach and duodenum 
and bone marrow of the femurs were found to 
fluoresce strongly pink in ultraviolet light 
which was suggestive of the presence of por- 
phyrins. By the following procedure the por- 
phyrin in the stomach and duodenum was 
identified as protoporphyrin: The stomach 
and duodenum together with their contents 
were ground in 15 cc glacial acetic acid, the 
suspension was filtered and the solution was 
extracted into ether. The ether phase was 
washed with water. The ether phase con- 
tained a pigment with a typical 4-banded ab- 
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sorption spectrum of a neutral porphyrin. 
The porphyrin was extracted with aqueous 
HCl. The HCl number(6) was determined 
to be 2.0, which indicated that the porphyrin 
was protoporphyrin. The absorption spec- 
trum of the porphyrin in 1 N HCl was meas- 
ured in a Cary spectrophotometer. Two ab- 
sorption bands were found at 556 and 598 mp, 
typical of acid protoporphyrin. 

Since the liver may be primarily involved 
in the disease, acute porphyria(2), the liver 
should be capable of forming porphobilinogen 
from 6-amino levulinic acid. To test this idea 
qualitatively a suspension of guinea pig liver 
cells was used which was washed free of ery- 
throcytes. Approximately 1 cc of this suspen- 
sion was incubated in 5 cc Hank’s salt solution 
for 17 hours in the presence of 4 mg é-amino 
levulinate and 4 mg streptomycin, aerobically 
on a roller tube at 37°C. After 6 hours a 
pink fluorescence in ultraviolet light was ob- 
served in those tubes containing 5-amino levu- 
linate and the liver cells, thus indicating the 
presence of porphyrins. After 17 hours suf- 
ficient porphyrins had been formed so that 
the typical absorption bands of the porphyrin 
mixture could be distinguished. The porphy- 
rins were not further identified. A trichlor- 
acetic filtrate was prepared from one of these 
incubated tubes and was found to give a posi- 
tive Ehrlich reaction thus indicating the pres- 
ence of porphobilinogen. In the control tubes 
which lacked 5-amino levulinic acid or which 
contained 6-amino levulinic acid but which 
lacked the tissue, no red fluorescence, no ab- 
sorption bands of porphyrins and no positive 
Ehrlich were observed. Thus it is concluded 
that a suspension of guinea pig liver cells has 
the ability to convert 4-amino levulinate 
through porphobilinogen to porphyrins.* 

Discussion. Porphobilinogen has _ been 
shown ito be a precursor of protoporphyrin 
and of heme(8,9). The large amounts of por- 
phobilinogen and of 46-amino levulinic acid 
excreted by the acute porphyria patient L.W., 
may be ascribed to one of two causes. Either 


* While this paper was in press a note appeared by 
K. D. Gibson, A. Neuberger, and J. J. Scott (Bio- 
chem. J., v58, xli, 1954) describing the isolation of 
an enzyme from liver which converts 6-amino levu- 
linic acid to porphobilinogen. 
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there is an excessive rate of formation of these 
compounds by the liver, or, the rate of for- 
mation is normal but there is a partial block 
above the porphobilinogen step so that por- 
phobilinogen is not converted ito porphyrin at 
a normal rate. 

If it is assumed that acute porphyria is due 
to a partial block above the porphobilinogen 
step, then the rate of excretion of porphobil- 
inogen in this patient may be a measure of the 
rate of production of protoporphyrin and of 
heme in normal liver. On such an assump- 
tion, the human liver would be capable of 
producing more than 100 mg of heme per day 
which would thence be converted to bile pig- 
ment. The heme incorporated into newly 
formed red cells is about 300 mg per day. 
Thus the liver would produce roughly one- 
fourth of the total heme. 

London e¢ al.(10) and Gray e¢ al.(11) 
found that some 10-20% of the bile pigment, 
stercobilin, is derived from a source other 
than the old circulating erythrocytes. If the 
above hypothesis is correct, that some 100 mg 
of heme are produced daily by the liver and 
this heme is converted to bile pigment, it 
would explain the large amount of early la- 
belled stercobilin which appears in the feces 
after feeding of labelled glycine. 


Summary. Quantitative studies on urine of 
an acute porphyria patient reveal a daily out- 
put of about 100 mg porphobilinogen and 
about 40 mg of 6-amino levulinate. This high 
rate of production suggests the possibility 
that the normal liver may convert these com- 
pounds to heme and thus may produce ap- 
proximately 100-140 mg of heme per day. 
This heme might be then, the source of the 
early labelled stercobilin observed by London 
and by Gray. 
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Effect of 2-Acetylamino-1,3,4-Thiadiazole-5-Sulfonamide (Diamox) on 


Sodium, Potassium, Bicarbonate and Buffer Content of Saliva.* 


(21561) 


WILitAM NIEDERMEIER, RoBert E. Stonr,t SamMuEL DreIzEN,t AND Tom D. Sptes. 


From Department of Nutrition and Metabolism, Northwestern University Medical School, Chicago. 


The carbonic anhydrase inhibitor, 2-acetyl- 
amino-l, 3, 4-thiadiazole-5-sulfonamide (Dia- 
mox), has been used to promote diuresis in 
patients with congestive heart failure since 
1952(1). The administration of this com- 
pound to such patients is followed by the ex- 
cretion of an alkaline urine with a high so- 
dium, potassium and bicarbonate content. 
The loss of fixed base via the urine is due to 
the inhibition of carbonic anhydrase activity 
in ithe kidneys interfering thereby with the 
production of hydrogen and bicarbonate ions 
and with the tubular reabsorption of sodium. 
Since the salivary glands contain an even 
higher titer of carbonic anhydrase than do 
the kidneys(2), it was postulated that the in- 
hibition of this enzyme would alter the elec- 
trolyte composition of saliva in a manner 
similar to metabolic acidosis. Accordingly, 
the present study was devised to determine 
the effect of 2-acetylamino-1, 3, 4-thiadiazole- 
5-sulfonamide on saliva sodium, potassium, 
bicarbonate and buffer capacity in both nor- 
motensive and hypertensive patients and to 
compare these changes with those occurring in 
patients with metabolic acidosis. 

Materials and methods. ‘The effect of 2- 
acetylamino-1, 3, 4-thiadiazole-5-sulfonamide 
on the aforementioned salivary electrolytes 
was determined in 5 normotensive patients 


—— 


* Northwestern University Studies in Nutrition at 
Jefferson-Hillman Hospital, Birmingham, Ala. This 
study was supported by grants from the Clayton 
Foundation for Research and the Birmingham Citi- 
zens Committee. 

+ Clayton Foundation Fellow. 


and 6 patients with essential hypertension.. 
Base line values for saliva sodium, potassium, 
bicarbonate and buffer capacity were deter- 
mined for each patient for from five to seven 
days prior to the administration of Diamox. 
The carbonic anhydrase inhibitor was then 
given orally in divided doses in amounts rang- 
ing from 0.25 to 1.5 g per day for a minimum 
of 2 weeks. Samples of paraffin-stimulated 
saliva were obtained daily from each patient 
before breakfast and before brushing the 
teeth. The paraffin blocks were free of de- 
tectable amounts of sodium and potassium. 
The samples were collected under oil for a 
period of exactly 16 minutes. They were then 
centrifuged and the supernatant fluid tested 
for bicarbonate, sodium, potassium and buf- 
fer capacity. Bicarbonate was determined 
with a Van Slyke blood gas apparatus by the 
method of Van Slyke and Neill(3). Sodium 
and potassium were assayed with a Perkin- 
Elmer Model 52-A Flame Photometer using 
the internal standard ttechnic(4,5). Buffer 
capacity was measured by the method of 
Dreizen, Mann, Cline and Spies(6). Meta- 
bolic acidosis was induced in 5 arbitrarily se- 
lected normotensive subjects by the daily oral 
administration of from 3 to 9 g of ammonium 
chloride given in divided doses. Paraffin- 
stimulated saliva samples were obtained daily 
from each patient and tested quantitatively 
for bicarbonate, sodium, potassium and buffer 
capacity by the methods described above. 
Observations. Mean changes in saliva so- 
dium, potassium and bicarbonate concentra- 
tions in 5 normotensive and 6 hypertensive 
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COMPARATIVE EFFECT OF 2-ACETYLAMINO- 1,3,4- THIADIAZOLE - 
S5-SULFONAMIDE ON THE MEAN SODIUM, POTASSIUM 
AND BICARBONATE CONCENTRATIONS OF SALIVA 
OF S NORMOTENSIVE ANO © HYPERTENSIVE PATIENTS 
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patients during the period of 2-acetylamino- 
1, 3, 4-thiadiazole-5-sulfonamide intake are 
shown in Fig. 1. The direction of change was 
identical in each member of each group. 
Quantitatively, the mean sodium level de- 
creased from 29.6 mEq/L to 23.6 mEq/L in 
the normotensive group and from 24.7 mEq/L 
to 18.2 mEq/L in the hypertensive group. 
The mean bicarbonate content decreased from 
20.4 mEq/L to 13.8 mEq/L in the normoten- 
sive group and from 15.7 mEq/L to 11.3 
mEq/L in the hypertensive group. There was 
no appreciable change in the mean potassium 
concentration in either group. 

The reductions in saliva sodium and bicar- 
bonate encountered during the administration 
of the carbonic anhydrasé inhibitor were ac- 
companied by a notable decrease in buffer ca- 
pacity and rate of flow. 

Fig. 2 illustrates the effects of acidosis in- 
duced by the daily administration of am- 
monium chloride on saliva sodium, potassium, 
bicarbonate and buffer capacity in normoten- 
sive persons. The findings are representative 
of those noted in each of the five subjects so 
treated. In each, there was a pronounced re- 
duction in saliva sodium and bicarbonate re- 
flected by a corresponding diminution in buf- 
fer capacity. 


Discussion. In recent years, considerable 


progress has been made in elucidating the fac- 
tors which control the electrolyte composition 
of human saliva. Studies performed in this 
laboratory have shown that rate of flow, 
adrenal cortical activity and systemic blood 
pressure may each influence the concentra- 
tions of those salivary electrolytes which pre- 
dominate in the extracellular fluid compart- 
ments(7-9). The present findings indicate 
that alterations in the acid base balance of the 
blood which are characterized by a diminution 
in the alkaline reserve are accompanied by a 
measurable reduction in the sodium, bicar- 
bonate and buffer content of saliva. The ac- 
tion of the carbonic anhydrase inhibitor in re- 
ducing the alkalinity of saliva is consistent 
with the changes reported for urine which re- 
sult in a lowering of the alkaline reserve. 
They also conform with the observations of 
Rapp(10) that the addition of a carbonic an- 
hydrase inhibitor to saliva interferes with the 
liberation of carbon dioxide thereby prevent- 
ing the alkalinization of this secretion. 
Summary and conclusions. 1. Daily ad- 
ministration of 2-acetylamino-1, 3, 4-thiadia- 
zole-5-sulfonamide provokes a pronounced de- 
crease in sodium, bicarbonate and buffer con- 
tent of paraffin-stimulated human saliva in 
both normotensive and hypertensive patients. 
Potassium level of saliva was not affected. 
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SOME EFFECTS OF THE ADMINISTRATION OF AMMONIUM CHLORIDE ON 
BUFFER CAPACITY ANO THE CONCENTRATION OF CERTAIN ELECTROLYTES 
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2. Changes in saliva sodium, potassium, bi- 
carbonate and buffer content which followed 
administration of carbonic anhydrase inhib- 
itor were similar to those observed in normo- 
tensive persons in whom metabolic acidosis 
was induced with ammonium chloride. 
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Reserpine (Serpasil) Effects on Epileptic Monkeys.* 


(21562) 


Josep G. Cuusip,t Lenore M. Koprtorr, AND NICHOLAS KOPELOFF. 


From Department of Bacteriology, Psychiatric Institute, New York City. 


Recent studies have indicated that reser- 
pine, a crystalline alkaloid derived from Rau- 
wolfia serpentina, may profoundly affect cen- 
tral nervous system function(1). The phar- 
macologic effects described suggested the de- 
sirability of testing this drug on epileptic 
monkeys. 


Method. Chronic experimental epilepsy 
was produced in 6 monkeys by the application 
of alumina cream to a cerebral hemisphere 
(2). Reserpine (Serpasil)* was administered 
intravenously (1 mg/kg) and the subsequent 
behavioral, electroencephalographic and epi- 
leptic status of treated monkeys were noted 
for periods up to 4 hours. The character, 
duration and frequency of spontaneous con- 
vulsions, the clinical responses of treated 
epileptic monkeys to stick prodding for 1 min- 
ute and the effects of intramuscular injections 
of 16 mg/kg or less of 10% pentamethylene- 
tetrazole (Metrazo]®) were determined. 


Results. Behavioral changes were usually 
evident within one-half hour following intra- 
venous injection of 1 mg/kg reserpine. Ag- 
gressive, hostile, active monkeys became 
quieter, less resistant, tremulous, sialorrheic, 
lethargic and less aware of external stimuli. 
Maximal effects were apparent approximately 
2 hours after injection; by this time treated 
monkeys were semi-stuporous, making little 
effort to alter their position. Clinical effects 
of reserpine treatment gradually receded 
thereafter, monkeys generally returning to 
pretreatment status within 24 hours. 

In general, little change was observed in the 
electroencephalogram of reserpine treated 
monkeys that could be ascribed to a specific 
drug effect (Fig. 1). In some tests, increased 
amounts of diffusely distributed 5 to 8 per 
second waves of moderate amplitude were ap- 


* Aided in part by Grant NIH, USPHS. Presented 


before Eastern Association of Electroencephalogra- - 


hers, Dec. 12, 1954. 
t St. Vincent’s Hospital, N. Y. City. 
¢ Supplied by Ciba. 


parent, particularly during periods of leth- 
argy. 

Epileptic monkeys which responded to stick 
prodding for 1 minute with motor convulsions 
during pre-treatment control periods, fre- 
quently were refractory or non-responsive to 
such stimulation at ‘the time of maximal reser- 
pine effect (2 hours after intravenous injec- 
tion). However, intramuscular injection of 
small doses of Metrazol® (16 mg/kg or less) 
at this time still proved capable of precipitat- 
ing typical focal motor seizures. 


Discussion. In general, the behavioral re- 
sponses of epileptic monkeys to reserpine 
treatment resembled those of similarly treated 
normal monkeys. Particularly striking was 
the severe degree of sialorrhea, and diffuse, 
coarse tremors exhibited by some treated 
epileptic monkeys. 

Although a blocking or inhibiting effect to 
activation of clinical convulsions by the stick 
prodding technic was noted in some reserpine 
treated epileptic monkeys, intramuscular in- 
jection of small doses of Metrazol® still 
proved highly effective in provoking typical 
focal Jacksonian motor seizures in these ani- 
mals. The lack of response to stick prodding 
under the circumstances may be explained by 
the failure of “external” stimulation (prod- 
ding) to break through a reserpine induced 
barrier, for treated monkeys usually showed 
much less evidence of agitation, physical and 
emotional stress than similarly tested normals. 
In this respect our results resembled those 
cited by Schneider and Earl(1), who stated 
that reserpine did not prevent chemically in- 
duced seizures in animals, whereas a definite 
antagonism against audiogenic seizures was 
noted. The recently reported findings of 
Schneider (3) would also appear to be similar 
in nature, since it was stated that cats pre- 
pared so as to develop sham rage showed lit- 
tle or no reaction when mechanically stimu- 
lated % to 1 hour after reserpine treatment. 


Summary. 1. Intravenous reserpine treat- 
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FIG. 1. Electroencephalograms of 2 epileptic monkeys before (top) and 2 hours after (bottom) 


intravenous reserpine treatment. 
temporal, T = temporal, L = left, R = right. 


¥ — frontal, 
Calibration: 1 see. (horizontal) and 50 micro- 


M=motor, O=occipital, AT =anterior 


volts (vertical). 


ment produced behavioral changes in epileptic 
monkeys resembling those described for simi- 
larly treated normals; sialorrhea and tremors 
were noteworthy in the treated epileptic 
group. 2. Electroencephalograms of treated 
epileptic monkeys usually showed little 
change; 5 to 8/second wave activity of mod- 
erate amplitude sometimes was more prom- 
inent during lethargic phases. 3. Epileptic 
monkeys which were more refractory to clini- 
cal seizure activation by stick prodding at the 


height of the reserpine effect, remained highly 
responsive to activation by small doses of 
intramuscular Metrazol.® 
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Further Purification and Biological Action of Follicle Stimulating Hormone 


from Sheep Pituitary Glands.* 


(21563) 


W.H. McSHAN AND RoLtAnp K. MEYER. 


From the Department of Zoology, University of Wisconsin, Madison. 


A simplified procedure was reported previ- 
ously(1) for obtaining a pituitary follicle 
stimulating hormone preparation of high bio- 
logical purity. This preparation contained 
very little luteinizing hormone activity and 
was free of adrenotrophic, lactogenic and thy- 
rotrophic activities at ithe levels tested. The 
essential steps of this procedure are extraction 
of dry sheep pituitary glands with saturated 
sodium chloride solution at 70°C, recovery of 
the follicle stimulating hormone from the ex- 
tract in the pH 2.5 soluble fraction, removal 
of salt by dialysis, and concentration of the 
hormone from the dialyzed fraction by use of 
an anion exchange resin. This report pre- 
sents results on further purification of this 
preparation by use of a cation exchange resin, 
and data from the study of the biological ac- 
tion of the final product in normal and in 
hypophysectomized male and female rats. 

Materials and methods. The cation ex- 
change resin XE-97 (Rohm and Haas) was 
activated by treating 20 g with 500 ml of 
1 N NaOH for 15 minutes after which the 
resin was washed free of NaOH with liberal 
amounts of water by repeated suspension and 
decantation. This procedure was repeated 
with 500 ml of 1 N HCl and then again with 
1 N NaOH. When the washing was complete 
after the last treatment with NaOH, the resin 
was suspended in water and adjusted to pH 
6 with 1 N acetic acid. A column of resin of 
the desired height (usually 30 cm) was 
formed by pouring the proper amount of sus- 
pended resin into a 50 ml burette and allow- 
ing it to stand overnight. A circle of No. 576 
filter paper (Schleicher and Schuell Co.) was 
placed on the surface of the column to prevent 
disturbance of the resin on addition of the 
sample. 


* This investigation was supported in part by re- 
search grant G-2154(C4) from the National Insti- 
tutes of Health and by a grant from funds supplied 
by the Wisconsin Alumni Research Foundation. 


Follicle stimulating hormone (FSH) prep- 
arations that had been concentrated by use 
of the anion resin and dried by lyophiliza- 
tion were dissolved (100 to 300 mg) in 2 'to 3 
ml of the pH 6 acetate washings obtained dur- 
ing the preparation of the column. This solu- 
tion of the FSH was passed into the column 
and then washed with 2 to 3 ml of the acetate 
washings. The column was developed by 
adding the acetate washings to a height of 15 
cm above the surface of the column and main- 
taining the liquid at essentially this height 
during development. Fractions ranging in 
volume from 3 to 6 ml were collected. Each 
fraction was assayed for FSH activity in nor- 
mal female rats. Fractions containing activity 
were dialyzed and lyophilized to obtain the 
FSH in dry form. Samples of these fractions 
were analyzed for nitrogen by the method of 
Johnson(2) and on the basis of results ob- 
tained, the protein content (N x 6.25) of the 
dry FSH preparations was calculated. This 
FSH preparation was further purified by use 
of a column of the cation exchange resin XE- 
97 adjusted to pH 5. The dried preparation 
from the pH 6 column was dissolved in the 
pH 5 acetate washings and passed into the 
column in the same way as described above. 
The column was developed first with pH 5 
acetate washings which removed 33% of the 
protein added to the column. This protein 
was free of gonadotrophic activity. The pH 
5 acetate solution was then removed from the 
column and replaced by 1 M acetate buffer of 
pH 6. One fraction obtained by use of this 
buffer contained a major part of the FSH ac- 
tivity added to the column. 


Biological assay. The preparations were 
assayed for gonadotrophic activity in 21-day- 
old normal female rats of Holtzman-Rolfs- 
meyer strain. The fractions were adjusted 
with 0.9% saline solution so that each rat re- 
ceived the proper gram equivalent (g eq.) of 
dry pituitary tissue in 9 injections of 0.5 ml 
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TABLE I. Fractionation of FSH by Use of Cation Exchange Resin at pH 6. 
9 : ' 7———. Assay ———_,, -—_ Protein ———_, 
N 0. of | i Time, Dose, Wt ovaries, 
traction* Vol, ml min. mg eq. mg mg/frae. mg/g eq. 
a 6.6 22 1000 LS Gl ya 
2 4.7 16 2 18 (3) 18.85 142 
3 5.7 19 # 57 (3) 58.07 435 
4 5.6 20 Me 14 (3) 14.49 .110 
5 5.4 17 ef 14 (3) 12.83 .096 
6 5.6 23 % 15 (1) 7.00 
i 5.8 32 - ily (ab) 4.53 
§ 5.7 76 e 18 (1) 5.70 


* These fractions were obtained by passing S88A(A-4) FSH (175.5 mg protein equivalent 
to 133 g of dry pituitary) through a 30 em column of cation exchange resin XE-97 adjusted to 
pH 6. When S88A(A-4) was assayed using a total dose of 500 mg eq. the avg wt of the ovaries 


obtained from 6 normal rats was 56 mg. 


+ Figures indicate No. of normal rats used for assays. 


each. The first injection was made on the 
afternoon of the first day followed by injec- 
tions on the morning and afternoon of each of 
the next 4 days. Autopsy was performed on 
the morning following the last injection. The 
ovaries were removed, dissected free of other 
tissues, weighed and examined by strong 
transmitted light for the presence of follicles 
and corpora lutea. Assays were also made 
using male and female rats which were hypo- 
physectomized when 27 days of age. Injec- 
tions were started when the rats were 29 days 
old and were made on the morning and after- 
noon of each day for 10 days with autopsy on 
the morning of the 11th day. Ovaries and 
testes were removed, dissected free of other 
tissues, weighed and the ovaries examined for 
the presence of corpora lutea and _ follicles. 
The tissues were fixed in Bouin’s solution and 
subsequently prepared for microscopic study. 

Results and discussion. The results given 
in Table I show the volumes of the fractions 
in relation to the time intervals required for 
their collection on passing a concentrated 
solution of FSH (in this case S88A(A-4) ) 
through a 30 cm column of cation exchange 
resin XE-97 adjusted to pH 6.0. Results of 
the assay of these fractions, using a total dose 
of 1 g eq., show that a large part of the FSH 
activity was recovered in fraction 3 which 
contained nitrogen equivalent to 33% of the 
protein added to the column. Approximately 
50% of the FSH activity was recovered in 
fraction 3 (see column 5 and footnote 1 to 
Table I). The fractions other than 3 con- 
tained little activity as shown by assays in 


which a total dose of 1 g eq. was used. Results 
given in Tables III and IV, however, show 
that there was considerable variation in the 
recovery of FSH activity from different col- 
umns and that in some cases the major part 
of the activity was recovered (Table IV). It 
is necessary for the FSH to be dissolved in 
sufficiently concentrated acetate buffer to ad- 
just the protein in the concentrated hormone 
solution to pH 6 so as to obtain a reasonable 
rate of flow and high recovery. The low re- 
coveries obtained in the early experiments are 
presumed to be due, therefore, to the solution 
not being properly adjusted to pH 6. Aver- 
age recovery of protein with the FSH frac- 
tions from 11 preparations fractionated by 
use of the column was 41% (Tables III and 
IV). The protein added to the columns was 
not quantitatively recovered in the fractions 
collected by the above procedure. 

The pigment present in the FSH prepara- 
tions obtained by use of the anion resin mi- 
erated at a much slower rate than did the 
FSH. This made it possible to separate the 
pigment from the hormone. This pigment 
turned from brown to pink on reduction with 
sodium hydrosulfite and the reduced pigment 
showed increased absorption over the oxidized 
form at 415, 520 and 550 mp. It also func- 
tioned in the succinoxidase system as indi- 
cated by oxygen uptake when liver homogen- 
ate was used as the source of the enzymes. 
These results indicate that the pigment sepa- 
rated from the FSH by the cation resin is 
cytochrome c. 

When the column was made of cation resin 
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TABLE II. Fractionation of FSH by Use of Ca- 
tion Exchange Resin at pH 5. 


——— Active fraction ———, ———Assay——\ 


% protein Wt 

Protein, addedto Protein, Dose, ovaries, 
Exp.* mg column mg/geq. geq. mg 
22 74 al 074 1 45 
2 7.63 32 254 il 76 
24 4.75 23 158 1 38 


* PSH20F3 obtained from a column of pH 6 
cation resin was used for these experiments. The 
protein content of this preparation was 0.69 mg 
per g of dry pituitary tissue and 1 g eq. produced 
ovaries in normal rats which had an avg wt of 
73 mg. 
adjusted to pH 5 and the preparation from 
the pH 6 column was added, the FSH was 
retained and additional inactive protein fil- 
tered through ‘the column. The FSH was re- 
moved from this column by further develop- 
ment with pH 6 acetate buffer. The fractions 
in which the hormone was recovered were 
variable as to protein content and FSH ac- 
tivity (Table II). These results indicate that 
a major part of the protein is separated from 
the FSH activity by this procedure. The pro- 
cedure is in the process of development, how- 
ever, and further work is required to deter- 
mine the optimum conditions for recovering 
the FSH in a minimum amount of protein. 
This preparation has not been assayed in hy- 
pophysectomized rats and as a_ result 
its biological action in the rat has not been 
compared with that of the FSH preparation 
‘from the pH 6 column. Present results do not 
warrant a conclusion as to whether the 
mechanism of the separations with the cation 
resin is one consisting only of filtration of the 
hormone or whether both filtration and ex- 
change are involved. 

Biological action of FSH preparations ob- 
tained from cation resin at pH 6. FSH 
preparations obtained by use of the anion ex- 
change resin XE-59(1) were assayed in nor- 
mal female rats (Tables III and IV). Results 
of assays at the 1 g eq. level show that ap- 
proximately 50% of the activity of 
these preparations (88, 765 and 1068, Table 
III) was recovered in the corresponding frac- 
tions obtained from the column of cation 
resin. The ovaries were found to contain 
only follicles on macroscopic examination at 
autopsy. 
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Total doses of 10 g eq. of each of the above 
3 FSH preparations from the column of ca- 
tion resin were given to 29-day-old hypophy- 
sectomized female and male rats for 10 days. 
The results of these assays are given on the 
right side of Table III. The average weight 
of the ovaries was 122 mg and they contained 
only follicles as indicated by macroscopic ob- 
servation. The uteri were highly distended 
with fluid. The average weights of the testes, 
seminal vesicles and prostates were, respec- 
tively, 758, 4.9, and 8.3 mg as compared with 
141, 5.0, and 6.3 mg for these tissues from un- 
injected control male rats. These data show 
that there was an average increase of only 2 
mg in the weight of the prostate and none for 
the seminal vesicle whereas there was a large 
increase of 617 mg in the weight of the testes. 

Microscopic examination of the ovaries of 
the hypophysectomized rats receiving the 
most highly purified preparations did not re- 
veal the presence of corpora lutea or lutein 
tissue. In general the thecal and interstitial 
tissues of the ovaries did not show much evi- 
dence of secretory activity, although there 
were a few follicles in some ovaries in which 
there were isolated small areas of thecal cell 
hypertrophy. The interstitial cells of the 
testes were involuted and unstimulated. The 
tubules, however, were relatively very active 
when compared with hypophysectomized- 
untreated rats. A few isolated patches of 
spermatids were observed in some segments 
of the tubules, but spermatozoa were not seen. 
The above results indicate that these FSH 
preparations are of high biological purity in 
that they contain very litle luteinizing hor- 
mone activity. 

Preparations 8286, 849 and 789 were on 
the average about twice as active at the 1 g 
eq. level as preparations 88, 765 and 1068 
(Table III). This was also true for the cor- 
responding F3 fractions obtained from the 
column of cation resin. This difference in 
activity does not appear to be a result of using 
different lots of dry pituitary for making these 
preparations. Factors that influence the yield 
of FSH activity are under study and the re- 
sults may provide information for a possible 
explanation of the difference in the activity of 
the two groups of preparations. The average 
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PURIFICATION AND ACTION OF FSH 


TABLE IV. Biological Action in Normal Rats of Follicle Stimulating Hormone Preparations 
Obtained by Use of Cation Resin. 


Preparation* — Assay—Normal rats ——— 
Fraction 
soluble Protein, FSH prep. Protein, 

No. atpH mg/geq. Dose,geq. Ov.wt,mg from column mg/geq. Dose,geq. Ov. wt,mg 
139 2.5 lhguabe sy aotole 92(3)  139-18F3 5 5 80 (6) 
138 2.5 1.20 25 42 (3) 138-153 69 5 113 (3) 
i i 5 122 6) 1.0 131 (3) 
136-1 2.5 93 5 107 (3) 136-1-13 83 46 5 100 (3) 
Avg 1.07 5 111(12) 56 5 93 (12) 
REVS ek ‘eves ate 150 (3)  136-2-14F3 —.59 5 101 (3) 
134 3.0 2.70 5 129 (3) 134-1283 iets 25 41 (3) 
5 62 (3) 
Avg 2.33 5 140 (6) .88 5 82 (6) 


pH 3.0 soluble fractions with anion exchange resin. 


weights of the seminal vesicles and prostates 
from the hypophysectomized rats given 5 g 
eq. of these preparations were slightly greater 
than those for control animals. Microscopic- 
ally the ovaries and testes from the assay of 
these more active preparations at the 5 g eq. 
level were essentially the same as those of the 
less active preparations at the 10 g eq. level. 

The preparations given in Table IV were 
made by extracting dry pituitary tissue with 
90% saturated sodium chloride solution at 
pH 6. As indicated some of these prepara- 
tions were obtained from the pH 2.5 soluble 
fraction of the extracts whereas others were 
prepared from the pH 3 soluble fraction of 
the 90% salt extract. The passage of these 
FSH preparations through the column of ca- 
tion resin at pH 6 separated the major part 
of the FSH activity into a single fraction 
which contained on the average 44% of the 
total protein added to the column. On the 
basis of assays using normal female rats the 
FSH preparations (Table IV) obtained by 
use of 90% saturated sodium chloride show 
greater activity than do those (Table III) 
which were prepared by extracting with sat- 
urated salt solution. 

The presence of carbohydrate in the FSH 
preparations from the column of pH 6 resin 
was indicated by a positive Molisch test. Five 
of these preparations were analyzed by the 
carbazole method of Gurin and Hood(4) as 
modified by Holzman, MacAllister and Nie- 


mann(5) and were found to contain on the 
average 9.5% carbohydrate expressed as glu- 
cose. The preparation contains hexosamine 
as shown by the method of Dische and Boren- 
freund(6). These results indicate that this 
FSH preparation has a much greater con- 
tent of carbohydrate than the 1.23% hexose 
and 1.51% hexosamine reported by Li and 
Pedersen(3) for their preparation. The high 
solubility of our preparation (100 g eq. is 
soluble in 1 ml water) may be due in part to 
its high carbohydrate content. This FSH 
preparation obtained from the pH 6 resin 
contains inert protein which was separated re- 
cently by use of a column of the cation resin 
adjusted to pH 5 (Table II). It is possible 
that part of the carbohydrate may be associ- 
ated with this inert protein. In the light of 
these results the high carbohydrate value 
given above cannot be properly evaluated 
until further information is available. 

It is of interest to compare the biological 
action of the FSH preparation reported here 
(Table III) with the action of pituitary FSH 
preparations reported by Li et al.(7,3), and 
Van Dyke, P’an and Shedlovsky(8). Steel- 
man et al.(9) prepared FSH from an acid 
acetone residue of hog pituitary glands and 
reported its biological action as similar to the 
preparations of Van Dyke and Li. Van Dyke, 
P’an and Shedlovsky assayed their FSH 
preparation from hog pituitary glands and a 
sample of purified sheep pituitary FSH sup- 
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plied by Dr. Li, by giving a total dose of 10 
mg of these preparations to hypophysecto- 
mized male rats for 4 days beginning 1 day 
after hypophysectomy. The weights of the 
testes and prostate of the treated animals were 
approximately 3 times the weight of the 
glands from the control animals. The sem- 
inal vesicles were slightly increased in weight 
over those of controls. On the basis of these 
results, Van Dyke et al. concluded that these 
preparations contained significant amounts of 
luteinizing hormone activity. They produced 
only about half the increase in the weight of 
the testes and much more increase in the 
weight of the prostate than did the prepara- 
tion reported in Table III which was given to 
hypophysectomized rats for 10 days. After 
this prolonged treatment the testes were in- 
creased 617 mg over those from uninjected 
control rats and there was very little increase 
in the weight of the ventral prostate. These 
results and also those from the microscopic 
study of the testes and the ovaries of the hypo- 
physectomized rats indicate that the FSH 
preparation reported here is of high biological 


purity. 
Summary. The FSH preparation obtained 
previously from a dialyzed salt extract of 
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sheep pituitary glands by use of anion ex- 
change resin was purified extensively by use 
of columns of cation exchange resin adjusted 
to pH 6 and pH 5. Results obtained on as- 
say of the preparation from the pH 6 resin in 
hypophysectomized male and female rats in- 
dicate that this FSH preparation is of high 
biological purity in that it contains very little 
luteinizing hormone activity. 
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Effect of WY Locus in Mouse on Differential Excretion of Isomers of 


Several Amino Acids.* 


Resa Mirsky GoopMAN. 


(21564) 


(Introduced by A. J. Goldforb.) 


From the Department of Zoology, Columbia University. 


The D and L isomers of certain amino acids 
have been shown by Rose(1,2), Du Vigneaud 
(3), and later investigators(4) to be equally 
effective, or nearly so, in promoting growth 
in the rat and mouse.t Only the L-isomers of 
these amino acids are effective in man, dog 
(5), rabbit(6), domestic fowl(5,7), and some 


* The author wishes to express her appreciation and 
thanks to Professor L. C. Dunn, Dr. Elizabeth S. 
Russell, and Professor Howard Levene for their 
guidance, suggestions and encouragement. The work 
was done under a pre-doctorate fellowship from the 
U. S. Public Health Service. 


other animals. In the work to be described 
it has been found that in mice containing one 
mutant allele the L-forms only of these amino 


+t For those amino acids where there has been a 
lack of agreement between investigators on growth 
promoting abilities of the D isomers, Armstrong(18) 
has recently provided an explanation. He has found 
in experiments with phenylalanine that where less 
growth was obtained by feeding the D isomer than 
by feeding the L isomer, the actual intake of the 
D form was less, and that when the intake of the 
D form was controlled, growth was equal t) that 
produced by the L-form. 
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acids are utilized, while mice containing the 
normal allele also utilize the D-forms. 

The mice in which this observation has 
been made are those containing the W” allele 
in the genotype of the inbred strain C57Black 
(C57BL) as described by E. S. Russell (8,9, 
10). The W, W*, and w alleles in the mouse 
are of special interest because the six possible 
genotypes differ in a regular manner in what 
appear to be unrelated characters. Whereas 
the W allele has a dominant effect on pig- 
mentation only, W” is partially dominant in 
its effects on pigmentation, size, and number 
of erythrocytes. The differences in pigmen- 
tation suggest a possible connection with the 
aromatic amino acids concerned with melanin 
formation and for this reason amino acid 
metabolism in these mice was studied. The 
possibility that a disturbed amino acid 
metabolism might also be concerned with the 
macrocytic anemia of these mice was also sug- 
gested by the observations of Svenseid, Bur- 
ton and Bethell(11) on pernicious anemia pa- 
tients in relapse, and of Levine, Marples, and 
Gordon(12) on the anemia of premature in- 
fants. The study of amino acid metabolism 
to be described, does not in fact further our 
understanding of either the pigmentation or 
the anemia in these mice. The new observa- 
tions do, however, add a curious character to 
those already known to be affected by the W 
and W" loci. This may perhaps be of general 
interest for problems concerning the metabo- 
lism of D and L amino acids. 

Materials and methods. The animals were 
from matings of heterozygous sibs (W’w x 
W*w) from a line back-crossed to C57BL for 
21 generations. C57BL and inbred Bagg al- 
bino (Balb) mice were used as additional con- 
trols in the feeding experiments. Prior to the 
feeding experiments all animals had been on 
conventional Rockland pellet diet with water 
ad lib. To test whether the W” gene and not 
the entire genotype was responsible for the 
differences observed in excretion of the D and 
L forms, mice were obtained from E. S. Rus- 
sell in which the W* gene was on a different 
genetic background. Urine was collected in a 
glass apparatus designed especially for this 
purpose; it was a modification of a metabo- 
lism cage. A glass cylinder with its bottom 
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TABLE I. Relative Proportion of Phenylalanine 
Execreted per Unit Creatinine in Sample, in 16 


Experiments. 
Geno- Tsomer fed 
type & 
strain D ~ —DL el Oly 
Cs7BL ot 2 Ce i ties 6 7 
WW wees On eee 23,15 9,4 14 ONO Ta) 
Wrw 4 4,9 10 3 4,4 0 0,0 
ww 1 2 3 2 alt 0 0 
C57BL 8 9 10 
+ -+ a 4,4,3 2,2 
3,4 2,2 
O3H itil 12 133 
wwe 5 373 ealg 
Ww 4 — 6 
Ww 1 1 2 
Ww if 1 2 
Balb. oid 15 16 
AAbbec 4,4,5 eS apa! 
one lal 


removed was placed over a large funnel. Mice 
were supported on stainless steel screening 
with a mesh fine enough to prevent the feces 
from dropping into the urine. Urine from 4 
animals was collected individually during 14 
hours, food withheld and water given ad lib. 
A few crystals of thymol were added to the 
urine vial underneath the funnel to prevent 
bacterial contamination. Unless the urine 


TABLE IT. Relative Proportion of Tryptophan 
Execreted per Unit Creatinine in Sample, in 13 


Experiments. 
Geno- Isomer fed 
type & 
strain am 1B) == DL Ss vr L Samay 
C57BLivyr ee 3 4 ae 
VV Ai SS me 25629 15,13 16,14 2,2 4 
Ww 14 16 15 10 Byes It 
Ww 6 9 6 5 2 ilk 
C57BL % 8 9 
+4 6, 8,9 7,9 1,2 
7,6 iB 
C3H 10 ait 
ww. ait 12 
Ww — i 
Ww 2 ze 
ww 3 5 
Balb 12 13 
AAbbce 3) 1538 ; 2,2 
3,5 
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TABLE III. Relative Proportion of Methionine 
Exereted per Unit Creatinine in Sample, 14 Ex- 
periments. 

Geno- Isomer fed 
type & 
strain D —DL ~ L—, 
Ca7BL. 31 Dare, se 4 56 
VES LS) tO 2,2 2,2 VEO =O 
Ww 3 2 it 1 1 0 
ww 0 0 0 0 0 0 
C57BL it 8 9 
a 0,0 0,2 3,3 
3, 2 

C3H Pets? eae! 
wwe jee et 
Wrw 0 = 
Ww — 0 
ww 0 0 

Balb 12 13 14 
FATA DD Cowl dlp ileal 5, 3 


was used immediately it was stored in a deep 
freeze. The urine sample was applied to filter 
paper for chromatographic analysis of the 
amino acids. First, however, a quantitative 
creatinine determination was performed on 
each sample. Creatinine was used as a refer- 
ence substance because it has been found that 
this constituent is not reabsorbed and shows 
less individual variation than any other sub- 
stance studied. Creatinine was determined 
by a modification of the method of Bonsnes 
and Taussky(13) using alkaline picric acid 
and reading colorimetrically at 540 mp. A 
standard creatinine curve was prepared for 
each run and the concentration of urine sam- 
ples determined from this. Each urine sam- 
ple from an individual litter was applied to 
the filter paper so that it represented the same 
final creatinine concentration. This facili- 
tated measuring the spots developed by nin- 
hydrin later. A 2-dimensional chromato- 
graphic method was employed(14,15) using 
phenol and lutidine and the sheets dipped in 
2% ninhydrin(16). For the chromatography 
of human urine .2% ninhydrin is commonly 
used: however, Wellington has shown that 2% 
ninhydrin produces a maximum development 
of the amino acid spots. Duplicate sheets 
were run for each sample and all 4 samples 
collected during a single period were tested 
chromatographically at the same time on 
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10 x 10 cm aluminum racks which held 12 
sheets. The spots developed by ninhydrin 
were identified by reference to standard 
sheets prepared by chromatographing a mix- 
ture of 15 known amino acids in known con- 
centrations. These standards were run on 
duplicate sheets in conjunction with each set 
of urine samples. Throughout this work an 
effort was made to chromatograph all urine 
samples collected over a single period at the 
same time, so that any variations arising from 
differences in temperature or humidity would 
affect those samples equally. The spots on 
the urine sheets developed in ninhydrin were 
read in a densitometer and optical density 
values for the amino acids recorded. A stand- 
ard curve for each amino acid was _pre- 
pared relating the known concentration of 
the amino acid to its densitometer read- 
ing. Each curve represented the mean of 
6 chromatographic runs of an amino acid 
mixture of 15 amino acids, each of the 7 con- 
centrations run in duplicate. The optical 
density readings from the urines were then 
converted to milligrams amino acid excreted 
using the standard amino acid curves and this 
figure then divided by the creatinine concen- 
tration of the urine on the filter paper. Where 
an amino acid solution had been fed, the mil- 
ligrams excreted for a given creatinine con- 
centration were divided by the milligrams 
amino acid solution ingested. The final value 
represents the relative proportion of the 
amino acid in the ninhydrin-developed spot. 


Sample Calculation. 


us) 
eo 4 
— cS ro a Lots, i) 
§ eS oA nee |b 
= = aes A =I 
Sp S]s slag 
Sen =I oO} & ae | 
Bee ey) Biel ermal 
Genotype 33 5 aE: oreiia aa = 
W°Wr @ 850 .014 .014/.15 .093/40 
=n 093 = .0025 
ie Ss 1.080 .018 .018/.15 116/74 
== 5G =" {010165 
Ww @ 715 .012 .0127.16 .075/74 
= AMS = JONG: 
ww 9 350 .004 .004/.15 .026/80 
= .026 = .0003 
Results. Tables I, II, III, IV, and V give 


the results of feeding those amino acids whose 
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TABLE IV. Relative Proportion of Histidine Ex- 
creted per Unit Creatinine in Sample, 13 Experi- 


ments. 
Geno- Isomer fed 
type & 
strain D ~\ DL TN —L-+ 
C57BL 1 2 3 4 5 6 
Www 1358 6 18 ff ial 0 0 
Ww 8 5,9 8,5 4 0 0 
ww 2 2 4 1 0 0 
C57BL 7 8 9 
++ 3, 0,0 0,0 0,0 
0, 0 0,0 
C3H , fonenrrt 
ww 8,6 8 
Wrw 3 a 
Ww — 1 
ww 2 1 
Balb 12 1153 
AAbbce 2,2, 2 0,0 
0,0 


D and L isomers have been shown to produce 
equal or nearly-equal growth in the mouse. 
These amino acids are phenylalanine, trypto- 
phane, methionine, histidine(4) and tyrosine 
(17). It can be seen that W‘W*, W‘w and 
ww as well as C57BL and Balb excreted very 
little if any of the L form as measurable with 
the method used. This was also true for ww, 
C57BL and Balb when the racemic mixture 


TABLE V. Relative Proportion of Tyrosine Ex- 
creted per Unit Creatinine in Sample, 10 Experi- 


ments. 
Géno-! Tsomer fed 
type & 
strain DL =) (ea L Seay 
C57BL 1 2 3 4 5 
wwe 20 14 26, 31 0,0 0,0 
Ww ie 13 10 0 0 
Ww 0 0 3) 0 0 
C57BL t 6 
+ 2,2 
2,2 
C3H 8 
wwe 26 10 
Ww 6 a 
Ww 3 — 2 
ww 3 1 
Balb 9 10 
AAbbce 5,5 2,2 
5, 5 2,2 
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and the D isomer were fed. The W‘W* and 
W*w on the other hand, show a marked and 
measurable excretion when the D form and 
racemic mixture were fed. It can be seen 
from these tables that the excretion of the 
Ww mice was not consistently intermediate 
between the W‘W* and the ww. These tables 
also show that similar results are obtained 
when the gene is on a different genetic back- 
ground. The effect of increasing the dosage 
of the W” produces the same effect on the ex- 
cretion of the D-forms of these amino acids 
as it has on other characters affected by these 
alleles, for example on the number of erythro- 
cytes and intensity of pigmentation. 

Tables VI and VII give the results of feed- 
ing leucine and threonine, amino acids whose 
D-forms have not been shown to produce ap- 
preciable growth in the mouse. The excretion 
of fed DL and L-leucine is very similar while 


TABLE VI. Relative Proportion of Leucine Hx- 
creted per Unit Creatinine in Sample, 8 Experi- 


ments. 
Geno- Isomer fed 
type & 
strain ————__ DL—_, — L—, 
C57BL a! 2 o 4 
wry 2 in a al 0 
Wrw 1,2 al iyal 0 
ww 3 1 1 1 
O57BL 5 6 
St = i; =) ie 2 2, 2 
2,2 
Balb Th 8 
AAbbce ip IL 0,2 
Up. J 1,0 


TABLE VII. Relative Proportion of Threonine 
Exereted per Unit Creatinine in Sample, 5 Experi- 
ments. 


Genotype Isomer fed 


and strain ——_—D——_, DL 
C57BL 1 2 3 
wwe 25, 27 38 39, 25 
Ww 27, 41 36 28 
ww 61 44 30 
C57BL 4 

SP SIE 29 
Balb 5 


AAbbec 6, 37 
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mice fed the DL and D threonine show high 
excretion of threonine. 

A significant feature of the results is their 
consistency. Within any experiment in which 
the D isomer was fed W'W" showed a higher 
concentration of excreted amino acid than 
W*w and the heterozygote showed a higher 
concentration than ww. There are, however, 
no available statistical methods which can be 
applied to this material which will indicate 
significant differences in excretion concentra- 
tions. 

To account for the inability of mice with 
the W* allele to utilize certain D-amino acids, 
absence of D-amino acid oxidase might be 
postulated. It was thought during the early 
studies on inborn errors that all conditions 
classified as metabolic errors were due to lack 
of enzymatic activity(19). However, it has 
now developed that in some cases, cystinuria, 
for example(20), the condition has been shown 
to be due to a variation in renal function 
(which, incidentally, may also be enzymatic). 
Modified renal activity may account for the 
condition observed in W* mice. A possible 
difference in intestinal flora should also be 
considered(21). Which if any of these ex- 
planations applies to the present work is still 
to be determined. 

It has not been possible to recognize any 
physiological or biochemical connection be- 
tween the characters already known to be 
affected by the W* allele; nor is there any ap- 
parent connection between any of these char- 
acters and the change in amino acids metab- 
olism which is described here. It is, however, 
noteworthy, that with respect to the utiliza- 
tion of certain D-amino acids the W* mice 
differ from other mice, but in this respect re- 
semble a number of other mammals. 

Summary. Mice of W‘W*, WW", and 
Ww genotypes, unlike other mice, excrete the 
D-isomers of phenylalanine, tyrosine, trypto- 
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phane, methionine and histidine when the D 
-+ L isomers of these amino acids are fed. 
Ww and ww mice, however, otherwise genetic- 
ally similar to the above, are able to utilize 
both the D and L isomers of these amino 
acids. 
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Erythrocyte Metabolism in Sickle Cell Anemia. 


(21565) 


Grant R. BarTLETT, LENORE HucHES, CAROLYN BARNEY, AND ARTHUR A. MaRLow. 
From Scripps Metabolic Clinic, La Jolla, California. 


Sickle cell anemia is characterized by red 
blood cells which assume atypical shapes at 
low oxygen concentration. Sickle hemoglobin 
differs from normal electrophoretically and by 
its reduced solubility(1,2) when deoxygen- 
ated, the latter probably accounting for the 
distorted erythrocytes. Itano and Pauling 
(3,4) have proposed that an inherited abnor- 
mality of the single protein, hemoglobin, 
brings about the sequence of events that re- 
sults in the disease. There is as yet no direct 
evidence, however, that the abnormal hemo- 
globin is a cause of the premature hemolysis 
of the sickle cell anemia erythrocyte. The 
red blood cell is a complex unit whose integ- 
rity is dependent on an active carbohydrate 
metabolism(5). It has highly specialized se- 
lective permeability properties which un- 
doubtedly are supported by the metabolic en- 
ergy. It contains several enzymes in signifi- 
cant quantities, such as carbonic anhydrase, 
catalase and cholinesterase which could play 
important functional or maintenance roles. 
It has a unique lipoprotein surface structural 
material (stroma). An inherited abnormality 
of one or more of these non-hemoglobin pro- 
teins could conceivably result in a decreased 
life span of the sickle cell. 

We have examined a case of sickle cell 
anemia in some detail in order to determine 
whether any of the red cell constituents asso- 
ciated with its carbohydrate metabolism have 
shared in this inherited anomaly. 

Methods. Experiments were performed on 
blood from a typical sickle cell anemia pa- 
tient; male, negro, age 30. His average he- 
matologic status was as follows: RBC 2.8 
million, PCV 29%, WBC 22,000, Hb 8.4 g, 
retics 11%, serum bilirubin 3.5 mg %, urine 
urobilinogen 25 mg %. Eighty percent or 
more of the red cells sickled on gassing with 
carbon dioxide. Average red cell life span, 
chromium 51, corrected for elution, 10-20 
days. Blood samples were taken over a pe- 
riod of several weeks during which the blood 
values were stabilized. Following this period 


the patient had a hemolytic crisis and was 
transfused. After the transfusion a hemo- 
globin paper electrophoretic analysis gave the 
following results: 85% sickle, 14% normal, 
1% fetal(6). Sickle anemia blood has typi- 
cally elevated leukocyte and reticulocyte con- 
centrations. These 2 cells have higher and 
qualitatively different metabolic activities 
than the mature erythrocyte. For all experi- 
ments here reported the sickle erythrocytes 
were separated by repeated centrifugation in 
plasma, each time discarding the top layers 
of blood cells which contained concentrated 
platelets, leukocytes and reticulocytes. The 
separated erythrocytes were always incu- 
bated in their own plasma. There was no evi- 
dence that these manipulations disturbed the 
metabolism of normal erythrocytes. Blood 
was collected in heparin and used within a 
few minutes. Glycolytic intermediates were 
assayed by ion-exchange chromatography (7). 

Results. Mature erythrocytes have a pre- 
dominantly glycolytic metabolism which is in- 
dependent of oxygen concentration(8,9). In 
order to evaluate this metabolism in sickle cell 
anemia, three facets were examined: glucose 
utilization and lactate formation, the level 
and kind of carbohydrate intermediates, and, 
P*? uptake. Two aspects of the problem are 
of interest. First, does the sickle erythrocyte 
show normal glycolysis when in the biconcave 
configuration? Second, is its metabolism 
altered when it assumes the sickle form? 

In 6 determinations on blood samples taken 
on different days the rate of both glucose util- 
ization and of lactate formation was between 
30 and 35 mg/100 ml of cells per hour, which 
falls within the normal range(10). Samples 
were incubated in air so that the red cells 
were not sickled. 

To obtain most of the cells in the sickle 
form, it is not sufficient to remove oxygen. 
The pH must also be lowered. The separated 
sickle anemia erythrocytes suspended in their 
own plasma were divided into 2 parts; one 
gassed with wet 50% COz-O»s, and the other 


SICKLE ERYTHROCYTE CARBOHYDRATE METABOLISM 


gassed with wet 50% COv-No, giving a pH of 
6.8 in each case. In the oxygen mixture all 
cells were normal in shape while under No- 
COz, 100% of the cells showed various de- 
grées of distortion. The 2 portions were in- 
cubated at 38°C for 3 hours. Glucose utiliza- 
tion was approximately the same, but the 
method had poor reliability due to a marked 
drop in glycolytic rate with lowering of pH. 

The fixation of inorganic P*? phosphate in 
red cell organic phosphates is, in short time 
intervals, proportional to glucose utilization. 
Radioassay of P** incorporation was chosen 
as a more sensitive measure of the carbohy- 
drate metabolism in the above experiment. 
There was no difference in P?? uptake by the 
sickle cell anemia erythrocyte whether in the 
normal or sickled configuration. For ex- 
ample, in one experiment, 0.05 ml of inorganic 
P?"Q, was added to 10 ml of an ice-cold 30% 
sickle erythrocyte suspension. The blood was 
divided into 2 flasks which were kept in an ice 
bath while being gassed for 5 minutes respec- 
tively with 50% COos-No2 and 50% COo2-Oo. 
The 2 portions were incubated with shaking 
at 38°C and samples taken at 0, 30 and 90 
minutes. Sickled and non-sickled cells gave 
identical P*? uptakes. Cts/min: 0 = 1700, 
30 == 17,000; 90° = 26,000. 

The normal actively glycolysing red cell has 
a characteristic pattern of carbohydrate inter- 
mediate phosphates and adenylates which can 
be recovered and assayed with anion exchange 
resins(7). The level of these metabolic in- 
termediates represents a balance between con- 
tinuous formation and breakdown and when 
this steady state is disturbed, there results a 
shift in population. These compounds then 
provide an index to the amounts and func- 
tioning status of the individual glycolytic en- 
zymes. A confirmatory test of metabolic ac- 
tivity is given by the rate of movement of in- 
organic P*°O, into these metabolites(11). 

Twenty ml of 30% separated sickle cells in 
plasma were incubated for 3 hours at 38°C 
with a trace of inorganic P**O,. The cells 
were then washed with saline to remove 
plasma and unreacted labeled phosphate, ex- 
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tracted with trichloroacetic acid, the TCA re- 
moved with ether and the extract chromato- 
graphed on Dowex-1-Cl. The resulting spec- 
trum of the red cell phosphorus compounds 
and the extent of labeling with p** was the 
same as that obtained with normal red cells 
(GOs 

It had seemed possible that an inherited 
defect of some sickle cell metabolic compon- 
ent would lead to premature hemolysis. From 
the evidence submitted it appears that none 
of the several enzymes responsible for opera- 
tion of glycolysis has been sufficiently modi- 
fied to disturb the metabolism. 

A secondary distortion of glycolysis might 
occur if some obligatory anatomical arrange- 
ment of the enzymes were disrupted by the 
change from normal to sickle shape. The evi- 
dence is against such an effect. 


There are, of course, other important non- 
hemoglobin constituents of the red cell which, 
if abnormal, might lead to a reduced life span, 
but, by the process of elimination, the present 
study provides more support for the concept 
that hemoglobin is the sole responsible agent 
for the production of anemia. 


Summary. Several tests of carbohydrate 
metabolism in the sickle cell anemia erythro- 
cyte did not disclose any abnormality. 
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Recognition of Mouse Ectromelia. 


(21566) 


GILBERT DALLDORF AND REBECCA GIFFORD. 
From Division of Laboratories and Research, N. Y. State Department of Health, Albany. 


Two viruses received from abroad have 
unexpectedly been found to resemble mouse 
ectromelia. Both agents were originally con- 
sidered to have caused human disease of the 
central nervous system and their behavior in 
mice inoculated by ‘the methods commonly 
used in the study of neurotropic or Coxsackie 
viruses had not suggested their true nature. 
The present résumé of our experience is re- 
ported to call attention to the fact that ectro- 
melia has masqueraded as a neurotropic virus 
and to alert American workers to the danger 
of introducing the virus into their mouse col- 
onies. The two agents had been received at 
different times from widely separated Euro- 
pean laboratories. One was sent to us for com- 
parisons with Coxsackie strains, the other as 
an atypical lymphocytic choriomeningitis 
virus. A number of tests had been performed 
with each before their similarity became evi- 
dent. Marchal’s(1) original description of 
the behavior of infected mice was based on 
natural infections in a colony. Dermal lesions 
of the feet and an unexplained high death rate 
among her stock were the clues that attracted 
attention. In recent reports(2,3) of 2 do- 
mestic outbreaks, unexplained deaths were 
first noted and later the appearance of swell- 
ing and necrosis of the legs. In all cases the 
colonies were presumably generally infected 
and there was some difficulty at first in ex- 
perimentally infecting stock mice which may 
have been in part immune. Marchal trans- 
mitted infection by cohabitation, and by in- 
tradermal, intraperitoneal, intravenous, and 
subcutaneous injections. We have found no 
published observations of the responses in 
fully susceptible stock mice following inocu- 
lation by the methods used in the study of 
neurotropic viruses. Schoen found no charac- 
teristic pathologic changes in ‘the central ner- 
vous system, even in mice inoculated by the 
intracerebral route(4). Fenner found suck- 
ling mice more susceptible than weanling 
mice, unless their mothers were immune(5). 

Results. Weaned 8- to 12-g mice of the Al- 
bany standard strain responded to intracere- 


bral injections of both viruses with the violent 
tetanic convulsions, followed by bladder in- 
continence and often by death, that are so 
characteristic of experimental lymphocytic 
choriomeningitis. The incubation period was 
4 to 5 days, shorter than that of lymphocytic 
choriomeningitis, which has seldom been less 
than 6 to 7 days in our experience. Intra- 
peritoneal injections induced similar re- 
sponses in the same length of time in some 
animals but others that looked sick never de- 
veloped convulsions. Suckling mice were 
highly susceptible to infection by both routes. 
They were depressed and turned a peculiar 
plum color, especially in the extremities, often 
as early as the third day. Death was sudden. 
Convulsions and questionable paralyses were 
observed in young animals on rare occasions. 

Post-mortem examinations of mice of both 
ages provided the first strong indication that 
we were dealing with agents different from 
lymphocytic choriomeningitis or Coxsackie 
virus infection. The suckling mice were the 
first to be studied in detail because of their 
peculiar ante-mortem appearance and because 
it has become second nature for us to check 
suckling mice for the gross muscle and fat 
pad lesions characteristic of Group A and 
Group B Coxsackie virus infections. Three 
unexpected and consistent gross lesions were 
seen. The livers were very pale, the spleens 
were slightly enlarged and contained hemor- 
rhagic areas, and the upper intestinal tract was 
congested and edematous. Lymphocytic 
choriomeningitis has little effect on the gross 
appearance of these organs, and the Coxsackie 
viruses of Group B, while they sometimes are 
associated with pale livers and bloody material 
in the large intestines, do not affect the spleen. 
Mouse hepatoencephalitis viruses such as the 
JHM strain(6) with which we are familiar, 
produce focal necroses of the liver but it is 
quite different from the yellow appearance in 
mice inoculated with the 2 ‘unknown’ 
viruses. 

Since the weaned mice were at first assumed 
to have involvement of the central nervous 


Mouser EcTroMeELia 


system, little attention was paid to the ap- 
pearance of their viscera until the lesions in 
the newborn were recognized to be a constant 
feature of infection. It was then found that 
the older mice, especially after intraperitoneal 
inoculation, had similar lesions in their livers, 
spleens, and small intestines, and in addition 
a few showed necrosis of the visceral fat of 
the kind that follows leakage of pancreatic 
secretions and a great increase in pleural and 
peritoneal fluids. 

Serologic studies were consistently unhelp- 
ful and it proved impossible to produce a 
satisfactory homologous neutralizing anti- 
serum with either virus in rabbits, guinea pigs, 
or hamsters. Mouse antisera were not pre- 
pared. This decision was based in part on 
our appreciation that our stock animals have 
antibodies for mouse hepatoencephalitis virus, 
some strains of which cause widespread _ he- 
patic lesions somewhat similar to those being 
studied. It is possible that if we had at- 
tempted to prepare specific mouse sera by re- 
peated intraperitoneal injections of the two 
unidentified viruses, we might have discovered 
earlier that ectromelia was involved, for it 
seems probable that the large mice would 
have developed a generalized infection during 
immunization. Among the known antisera 
that at one time or another were included in 
serologic tests and gave no indication of neu- 
tralization were those of lymphocytic chorio- 
meningitis, herpes, Theiler’s GD VII, MM, 
Japanese B encephalitis, and various serologic 
types of Coxsackie Group A antisera. Pooled 
normal human sera were also inactive. The 
neutralization tests were done in suckling 
mice by the intraperitoneal route. 

Both viruses tolerated lyophilization, and 
one was shown to pass a Seitz filter and to be 
largely inactivated by repeated freezing and 
thawing. Neither virus was pathogenic for 
hamsters or guinea pigs, young or old. One 
strain was inoculated on the chorioallantoic 
membrane of embryonated eggs. It produced 
pocks on the membrane, but inclusion bodies 
were not recognized. Herpes virus was con- 
sidered until it was found that the unknown 
virus had no effect on the cornea of a rabbit, 
and was not neutralized by herpes antiserum. 

A yisiting European colleague who was 
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familiar with ectromelia did not recognize the 
disease from the behavior of the suckling or 
weaned mice but assured us that the appear- 
ance of the liver was compatible with that 
diagnosis. Histologic examination provided 
strong support. The lesions conformed closely 
with Schoen’s description(4). Schoen con- 
sidered the changes in the liver and spleen to 
be the most interesting lesions of ectromelia. 
He characterized the hepatic lesion as an in- 
terstitial necrosis with cytoplasmic inclusions 
composed of fine, basophilic granules that fre- 
quently coalesced into oval or round colonies. 
Some inclusions, he wrote, were larger and 
more homogeneous and these were surrounded 
by clear halos. This describes our own ma- 
terial as well, although we would define the 
interstitial changes more closely. To us they 
have seemed noteworthy because of the edema 
associated with blood sinuses and smaller ves- 
sels, a lesion of endothelial elements. It may 
be of some interest that in our heavily in- 
fected immature ‘animals the hepatic inclu- 
sions were regularly present although gen- 
erally amorphous and basophilic, and in mice 
which died after the briefest incubation peri- 
ods they were less numerous. The splenic 
necroses were associated with the central ar- 
teries and consisted of relatively large ne- 
crotic areas having a concentric or onion skin 
pattern. In and among the cells were not 
only nuclear debris but also inclusion bodies. 

The agent was further identified by inocu- 
lating adult mice into their footpads. Both 
strains were tested and both behaved identi- 
cally. Several days after the injection of 0.05 
ml of a 10% suspension of infected tissue the 
foot became red and swollen. The lesion was 
well developed by the fifth or sixth day and 
progressed with cracking of the skin and 
patches of necrosis. A few of these animals 
developed generalized infection and died. In 
them, characteristic hepatic lesions were seen. 
On the eleventh day all the mice were de- 
stroyed as a safeguard against accidental in- 
fection of other animals. The dermal lesions 
were consistent with Marchal’s description. 
Liquefaction and blister formation within the 
corium were found on occasion and in some 
lesions cytoplasmic inclusion bodies were con- 
spicuous. 
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TABLE I. Protective Effect of Vaccinia against Infection with the Unknown Viruses. 


-—-Challenge virus— 


Strain Route Response of exp. group Response of controls 
“A? — Footpad a ee ee eee 
4 Intracer, 5,5, 5, 8,8, 8,8 5, 5 
v Intraper. IAS Si Sn Slavs iaiehy/S) 6, 7 
a Be Footpad Se ee ar ae eins APE 8+, 38+, 38+, 3+ 
Hs Intracer. S,S8,8,8,8,8,8 Moh 
* Intraper. Sip Sip Sk teins 7S) 11, 12 


Numerals indicate day of death; S, survival; plus signs, the severity of lesions of footpads. 


The agent was further identified by chal- 
lenging mice that had 4 weeks previously been 
inoculated with a 10% suspension of chorio- 
allantoic membranes infected with a re- 
peatedly passaged strain of a commercial calf 


lymph preparation of vaccinia virus. The 
mice were inoculated intracerebrally (0.03 
ml) or intraperitoneally (0.01 ml). Groups 


of convalescent mice were challenged with 
each unknown. The challenge inoculations 
were intracerebral, intraperitoneal or intra- 
dermal. One challenge virus was used in a 
10% suspension of baby mouse carcass and 
brain, the other in a 1% suspension. The re- 
sults are shown in Table I. It is evident that 
a significant degree of immunity followed in- 
fection with vaccinia virus by either route and 
that the immunity was recognizable by all 
the routes used for challenge. The dilution 
of virus suspension used in the case of strain 
“B” was greater than that used for “A”, 
which may account for the larger number of 
survivors. 


Discussion. We are told that ectromelia is 
frequently present in European mouse col- 
onies and has at times greatly complicated 
mouse experiments. The danger of introduc- 
ing it into domestic stocks is evidently very 
real and infected mouse tissues should be held 
suspect until the presence of ectromelia is ex- 
cluded.* Probably an early inoculation into 
the footpad would be a simple and effective 
precaution. Whether the unusual behavior 
of our animals was due solely to the method 
of inoculation or the fact that our stock is not 


* A committee of the Virus and Rickettsial Study 
Section of the Division of Research Grants, National 
Institutes of Health, has recently published a warn- 
ing of the danger of disseminating infectious ectro- 
melia and the basic facts concerning it.(7) 


latently infected or both we cannot say. It is 
interesting to note that a number of European 
workers have reported that latent infections 
of their stock mice have confused their studies 
of influenza(8). Intranasal inoculation of 
such mice with human nose and throat wash- 
ings has apparently induced pneumonia due 
to ectromelia rather than influenza virus. 
Shortly before we recognized the nature of 
these two strains of virus we had inoculated 
litters of suckling mice intranasally. The 
larger doses caused illness and death within 3 
days and areas of consolidation were found in 
the lungs of some mice. At this point these 
mice were also destroyed. 

The experience confirms the value of thor- 
ough post-mortem examination of experi- 
mental animals and the usefulness of routine 
histologic examinations of unidentified gross 
lesions. Anatomic observations are relatively 
simple and often most rewarding. They 
should not be neglected. 

Summary. Two viruses believed to be neu- 
rotropic human infections have been identified 
as mouse ectromelia. The behavior of ectro- 
melia in young mice inoculated intracerebrally 
is described. 
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Pharmacological Properties of Recanescine, A New Sedative Alkaloid from 


Rauwolfia canescens Linn. 


Irwin H. SLATER, RoBert C. RATHBUN, 
(Introduced by K. K. Chen.) 
From the Lilly Research Laboratories, Eli Lilly and Co., 


NorRBERT NEUSS. 


Rauwolfia canescens Linn, a species of the 
family of Apocyanaceae, is closely related to 
Rauwolfia serpentina Benth. On occasion it 
has been found as an adulterant in the com- 
mercial lots of the latter. The alkaloidal con- 
tent of the plant has been investigated by sev- 
eral workers within the last year(1-3) leading 
to isolation of rauwolscine, reserpine, serpen- 
tine and yohimbine. 

We have been able to isolate and charac- 
terize a new sedative alkaloid which we called 
recanescine (Lilly No. 22641). It is a weak 
base closely related to reserpine. All the 
physical and analytical data indicate that re- 
canescine is 11-desmethoxyreserpine.* 
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* Physical and chemical properties of recanescine 
will be described in detail elsewhere. 


(21567) 
FRANCIS G. HENDERSON, AND 
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On the basis of evidence from paper chrom- 
atography, infra-red and ultraviolet spec- 
troscopy, our sample of recanescine appears 
to be homogenous material free from other 
alkaloids of the plant. The pharmacological 
data indicate that recanescine has properties 
similar to, or identical with, those of reser- 
pine. This finding should simplify consider- 
ably the chemical synthesis of effective drugs 
of this type. 

Methods and materials. The recanescine 
used in this study was available as an ethyl 
acetate solvate. It is readily soluble in glacial 
acetic acid and when diluted makes a slightly 
yellow solution of pH 3-4. This solution, in 
suitable concentration, was injected intraven- 
ously into mice, rats, rabbits, cats and mon- 
keys. In the monkeys and rabbits only the 
degree of sedation, ptosis and miosis was re- 
corded. In rats, the amount of current neces- 
sary to produce a maximal tonic extensor seiz- 
ure was determined using corneal electrodes 
and the electro-stimulator(4). The effect of 
reserpine and recanescine on Evipal sleeping 
time of mice given 1 mg/kg subcutaneously 
was determined(5). Seven cats were lightly 
anesthetized with ether and then given alpha- 
chloralose (40-80 mg/kg).t Arterial blood 
pressure was recorded with a mercury man- 
ometer. The effect of occlusion of the carotid 
arteries and of stimulation of the tibial nerve 
centrally, the superior cervical nerve peripher- 
ally and the vagus both centrally and periph- 
erally has been observed. Epinephrine (5 
pg/kg), methacholine (1 pg/kg) and hista- 
mine (5 »e/kg) were injected both before and 


+ Alpha-chloralose is readily soluble in polyethyl- 
ene glycol 200 [carbowax]. A 10% solution can be 
prepared by adding the drug to hot solvent. The 
solution remains clear at room temperature. This 
procedure makes the routine use of alpha-chloralose 
for anesthesia a convenient practical method quite in 
contrast with the older practice of injecting the drug 
as a 1-1.5% solution in hot water. 


Pecelaey 


ca EPI. 


RECANESCINE . 


REC. c.0. EPL 


FIG. 1. Effect of recanescine, 1 mg/kg, on response of arterial pressure to carotid occlusion 
(C.O.) and epinephrine (EPI), 5 pg/kg. Cat—5.25 kg. Chloralose anesthesia, 60 mg/kg. 
Time, 1 min. Break in record indicates one hour. 


after the injection of recanescine. Whenever 
possible, similar experiments have been done 
with reserpine in the same dosage. 

Results. When recanescine (1 mg/kg) was 
injected slowly in cats anesthetized with 
alpha-chloralose, a transient fall, or rise, or 
no change in mean arterial pressure occurred. 
After 60-90 minutes, however, a slow consis- 
tent decrease in blood pressure and pulse rate 
became evident. This fall continued through 
the second and third hour during which time 
the electrocardiogram remained unchanged 
except, of course, for the slowing of rate. 
During the hypotension following 1 mg/kg 
of recanescine, the pressor and cardioaccel- 
erator effects of bilateral carotid artery occlu- 
sion usually diminished. This phenomenon 
was noted only after the blood pressure had 
fallen 25-40 mm Hg. Similarly, the pressor 
effect of central vagus stimulation, when pres- 
ent prior to recanescine, was diminished after 
the drug. In 2 experiments, a depressor re- 
sponse replaced the pre-drug pressor response. 

The pressor response to epinephrine usually 
was enhanced during recanescine induced hy- 
potension. In each case the absolute increase 
in mean arterial pressure was greater. In 
half the experiments, the blood pressure after 
epinephrine rose to a higher peak despite the 
lower basal pressure.. The response of the 
nictitating membrane to the injection and to 
preganglionic stimulation was not changed. 
This finding suggests that the increased re- 
sponsiveness is a consequence of the low blood 
pressure and obtunded vasomotor reflexes 
rather than an inherent increased responsive- 
ness to epinephrine. The depressor effects of 


methacholine and histamine were not modi- 
fied by recanescine. 

The pressor response which was noted dur- 
ing repetitive stimulation of the tibial nerve 
at 10-100 c/sec was decreased after the drug. 
During the stimulation, low voltage fast ac- 
tivity replaced for 10-15 seconds the slow 
activity and spikes typical of the electro- 
encephalogram under light chloralose anes- 
thesia. The injection of recanescine (1 mg/ 
kg) did not appear to modify this arousal pat- 
tern. The flexion reflex elicited by stimula- 
tion of the tibial nerve with brief single pulses 
at 10 second intervals was not decreased and, 
indeed, in some experiments was enhanced 
after the injection of recanescine. 

Our findings in these acute experiments are 
consistent with the view that recanescine, like 
reserpine, exerts its depressor effect, at least 
in part, through a change in the reactivity of 
central vasomotor control. 

The effect of recanescine and reserpine was 
compared in monkeys. In one experiment a 
nursing female was given 1 mg/kg of recanes- 
cine. The animal showed the often described 
sedated appearance of a monkey given reser- 
pine(6). Her aggressive resentment of our 
handling the baby monkey virtually disap- 
peared for several hours. This monkey and 6 
others given 0.5 or 1.0 mg/kg of recanescine 
developed miosis and ptosis. One monkey 
showed ptosis, sedation, but no pupillary con- 
striction. 

In another experiment doses of 0.5 or 1.0 
mg/kg of recanescine and reserpine were 
given to 12 monkeys in groups of 3, selected 
in a random fashion. The observer, who had 
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worked with these animals before, did not 
know the distribution of the various doses. The 
degree of sedation was graded on a scale from 
1 to 3. None of the animals showed the deep 
sedation for which the 4++ category had been 
reserved. Table I summarizes the results of 
this experiment. In tabulating these data the 
sedation score for each group of animals was 
added and recorded as a fraction of the total 
of 9 pluses possible for a group of 3 monkeys 
graded on a 3 point scale. It would appear 
that after the second hour it was possible to 
distinguish between the sedative effects of 0.5 
and 1.0 mg/kg of the alkaloids but not be- 
tween the alkaloids. 

Assuming the drugs to be equally effective 
and applying a simple ‘“‘t” test to the differ- 
ence in mean responses to the 2 dose levels, a 
figure of 2.89 is obtained which would indi- 
cate that for odds of 98-1 it is possible to dis- 
criminate between the 2 doses used. After 
adjusting the responses on the low dose for 
the dosage response relationship, the “‘t” test 
may be applied to the difference between 
mean responses to the two drugs. The figure 
obtained, 0.18, would indicate that a differ- 
ence as great could occur 80 times in 100 
simply due to random chance, so no discrim- 
ination is possible between drugs with these 
data. When recanescine was given to mice 
or rabbits, a typical reserpine-like depression 
with ptosis was noted. Here again, the two 
alkaloids appeared approximately equipotent. 
Reserpine causes a decrease in convulsant 


TABLE I. Comparison of Sedative Properties of 
Reserpine and Recanescine in Rhesus Monkeys.” 
RASS a ee eee 


Degree of sedation 


Dose n ihre cvornesuare 44h 

Reserpine 5 2t 1/6 42/6) 3/6 2/6 
1.0 3 AAS TA) TU) AS) 

Recanescine BS) 3 4/9 4/9 5/9 5/9 
1.0 3 8/9 1/9 1/9. 6/9 

* Sedation graded 1-3 making a possible 9 in 


each group. ; ; 
+ Third monkey in this group died of strangula- 
tion when his chain caught in the floor meshing. 
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TABLE II. Comparative Effect of Reserpine and 

Recanescine on Conyulsive Dose 50% in Rats by 

Maximal Electroshock Seizure Method. Thirty 
animals in each series. 


Dose, 
Treatment mg/kg Route CD;,+S.E.inma 
Untreated — — 35.55 — 2.56 
Reserpine 45) Pe. 24.64 + 1.03 
Untreated —_ — 34.97 + 4.37 
Recanescine A) ies 21.53 + 1.06 


By this method the 2 drugs cannot be distin- 
guished. 
threshold(7). In Table II there is recorded 
an experiment in which the current necessary 
to produce an extensor convulsion in 100 g 
rats was determined. Here again, a similarity 
of reserpine and recanescine is demonstrated. 
1 mg/kg of either reserpine or recanescine sig- 
nificantly prolongs Evipal sleeping time. 

Summary. A new alkaloid isolated from 
Rauwolfia canescens, recanescine, appears to 
lack the methoxyl group in the C-11 position 
of reserpine. Preliminary evidence indicates 
that this compound retains the characteristic 
pharmacologic activity of reserpine. Thus, 
the methoxyl group is not essential for the 
sedative and hypotensive action of reserpine. 

Note added in proof. Since submission of 
this manuscript, Stoll and Hofmann have re- 
ported the isolation of a new alkaloid, canes- 
cine, which is probably identical with our 
recanescine. (Stoll, A., and Hofmann, A., 
TnAm) Chem. soc., 1955; vi 7,,820:) 
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Histochemical Demonstration of Glycogen in the Mouse Pituitary. 


ELEANOR R. SIPERSTEIN. 
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(Introduced by Roy Hertz.) 


From Endocrinology Branch, National Cancer Institute, National Institutes of Health, Public Health 
Service, U. S. Department of Health, Education and Welfare, Bethesda, Md. 


Cytological studies of the anterior pituitary 
gland are often based on the use of the peri- 
odic acid-Schiff (PAS) technic because of the 
positive reaction of mucoproteins which are 
localized exclusively in the “basophil” cells, 
and which are believed to represent the sev- 
eral mucoprotein hormones or their precursors 
(1,2). Other substances in fixed animal tis- 
sues, besides mucoprotein, which react with 
the PAS method, are glycogen, mucopolysac- 
charides, glycoproteins and glycolipids. 

It became apparent during the course of a 
study of the pituitaries of normal mice, that 
cells of the pars tuberalis, and certain other 
structures in the pituitaries of very young 
animals, gave an even more pronounced re- 
action with PAS than is seen in the basophils. 
As the pars tuberalis cells are typically de- 
scribed as being largely chromophobic, and 
as the staining of the neonatal pituitaries was 
of an apparently undescribed character, it 
seemed of interest to investigate the nature of 
the reactive material. The application of 
saliva or malt diastase to pituitary sections 
prior to staining with PAS prevented the re- 
action in the specific sites described above, 
thus providing histochemical evidence that 
glycogen was responsible for this unusual 
staining pattern. 

Methods. Thirty-four normal mice of the 
first generation of the cross BALB/c X C3H 
were used. They were of both sexes and were 
from 1 day to 7 months old. Pituitaries were 
fixed in the skull after removing the parietal 
bones and pulling back the brain or, in some 
cases, trimming the brain to a small piece just 
above the pituitary so as to preserve intact 
the stalk, pars tuberalis and median eminence 
of the hypothalamus. Tissues were fixed 18 
to 24 hours in buffered sublimate-formol hav- 
ing a pH of about 5.8(3). After fixation, tis- 
sues were washed briefly in tap water, pitui- 
taries were dissected from the skulls, in some 


cases together with stalk and hypothalamus, 
dehydrated, cleared and embedded. Paraf- 
fin sections were cut serially. The periodic 
acid-Schiff method was employed using aque- 
ous reagents as outlined by Lillie(4). Suit- 
able sections for testing with saliva or dias- 
tase digestion were selected from 10 of the 
34 pituitaries. In testing for glycogen, sec- 
tions were exposed at room temperature to 
saliva for 20 to 30 minutes, or to 1% Malt 
Diastase U.S.P. Fisher [X in buffer solution 
(5), prior to the PAS procedure. When pos- 
sible two adjacent sections, one of which had 
been treated with the enzyme, were stained 
simultaneously. In every case, slides of 
pituitaries known to contain the strongly 
PAS-reacting substance in question were 
stained without previous digestion in order to 
test the staining procedure. 


Results. Use of the PAS stain on the 
pituitaries of young mice showed the baso- 
phils of the anterior lobe and the cells of the 
intermediate lobe to be stained the pink-to- 
red color usually described for these sites. 
In addition, however, this technic revealed a 
brilliant magenta-staining material of a some- 
what amorphous appearance in most of the 
cells in the pars tuberalis of the young ani- 
mals. (Fig. 1,3, 5, 6,7) This material was 
abundant throughout the first month of life 
after which time only occasional magenta 
granules in diffuse purplish cytoplasm are 
seen. This latter form of staining could still 
be observed at age 7 months (Fig. 8). 


In addition to the pars tuberalis, highly 
PAS-positive material was seen in mice one 
to five days of age in the sinusoids of the an- 
terior lobe, in the cells and the intercellular 
spaces of the neural lobe, and in the stalk 
and the adjoining median eminence. Be- 
tween 5 and 8 days the heavy staining in the 
anterior lobe disappeared and was diminished 
in the neural portion. By 11 days it was seen 
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FIG. 1-3. Sections from the same 1-day-old mouse pituitary, all 5 uw thick, X 130. Al, anterior 
lobe; IL, intermediate lobe; NL, neural lobe; PT, pars tuberalis; S, stalk. 
FIG. 1. PAS, hematoxylin and orange G. The magenta-staining material appears black, 
the faint pink staining appears as light grey. 
FIG. 2. Saliva, PAS. Several sections ventral to Fig. 1, illustrating total loss of magenta- 
staining material following saliva digestion, while the faint PAS reaction ean be discerned. 
FIG. 3. Stained as Fig. 1, section from more dorsal part of gland. 


FIG. 4 and 5. Adjacent sections from a 5-day-old male mouse pituitary, showing pars tuberalis 
cells at rostral border of anterior lobe, & 260. 


FIG. 4. Martin’s stain (a modified Mallory Triple). Pars tuberalis cells appear empty as 


they are unstained or very faintly blue. Compare with Fig. 5. 
FIG. 5. PAS, hematoxylin and orange G. By contrast with Fig. 4, pars tuberalis is deeply 


stained by PAS. 
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cad LL See PVE Ae a : 3 
FIG. 6 and 7. 3-day-old female mouse pituitary, PAS, hematoxylin and orange G, X 155. 
Fig. 7, considerably ventral to Fig. 6, shows pars tuberalis as dark-staining V-shaped area em- 
bedded in anterior lobe tissue. 
FIG. 8 and 9. 7-months-old female mouse, adjacent sections of pars tuberalis in region of the 
median eminence of hypothalamus, XK 155. 
FIG. 8. PAS, hem., orange G. Nervous tissue stained pink. Pars tuberalis is stained dif- 


fusely purple. 
FIG. 9. Diastase, PAS, hem., and orange G. Nervous tissue also pink as in Fig. 8, but pars 


tuberalis cells are unstained. 
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only in the pars tuberalis. It may be men- 
tioned that this type of staining was not seen 
in the intermediate lobe except for some 
globules on either surface adjacent the an- 
terior or neural lobes in the youngest animals 
(as in Fig. 1 and 3). The magenta staining 
in the anterior lobe had an amorphous, homo- 
geneous appearance, while that in the neural 
portions of the pituitary complex was heavily 
granular or globular. 

Diastase or saliva treatment completely 
prevented the strongly positive magenta stain- 
ing in all of these sites. On the other hand, 
the enzymatic digestion did not remove the 
finely-granular pink to red staining of the 
basophils, the intermediate lobe cells, or of 
the intercellular areas of the neural lobe. In 
view of the fact that glycogen is the only 
PAS-positive substance in fixed animal tissues 
known to be removed by saliva or diastase (6) 
it seems reasonable to conclude that the heav- 
ily staining material described above is glyco- 
gen. It should be noted that the presumed 
glycogen was not stained by Schiff’s reagent 
without previous periodate oxidation, thus in- 
dicating an actual PAS reaction. 

The presence of a stainable material in the 
cells of the pars tuberalis made it easy to trace 
the extent of this portion of the pituitary 
which is otherwise remarkably inconspicuous. 
In sections stained by a modified Mallory 
triple method, the pars tuberalis, identified 
with the help of the adjacent PAS-stained sec- 
tions is either slightly stained by aniline blue 
or, more often, chromophobic (Fig. 4 and 5). 
The nuclei of the tuberal lobe are smaller 
than those of the anterior lobe, and the cells 
themselves are generally smaller than acido- 
phils. The glycogen-containing pars tuberalis 
was seen to extend from the rostral and ven- 
tral point of the pituitary stalk where it 
emerges from the median eminence of the 
hypothalamus, caudally along the stalk to an 
abrupt end dorsally where the intermediate 
lobe encloses the stalk as it enters the neural 
lobe. On the ventral surface the pars tuber- 
alis is still in contact with the stalk as it meets 
the rostral border of the anterior lobe. Here 
the pars tuberalis cells extend somewhat lat- 
erally and actually penetrate within the an- 
terior lobe proper, where they can be seen be- 
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tween some of the large sinusoids of the portal 
system (Fig. 7). 

The unexpected appearance of glycogen in 
these mouse pituitaries raised the question of 
whether the buffered fixative allowed the vis- 
ualization of glycogen not ordinarily pre- 
served by the more commonly employed un- 
buffered sublimate-formol (pH 3). However, 
examination of newborn mouse pituitaries 
fixed in unbuffered sublimate-formol ruled out 
this possibility as there was no detectable dif- 
ference in staining between these pituitaries 
and those fixed at pH 5.8. 

Discussion. The significance of the pres- 
ence of glycogen in the pars tuberalis, and in 
the anterior and neural lobes of neonatal mice, 
cannot at present be stated. Although it is 
tempting to point to the sugar content of 3 
of the pituitary hormones as possibly indicat- 
ing a need for carbohydrate stores in this or- 
gan, there is no information which would per- 
mit the inference of a specific relationship be- 
tween these two phenomena. Furthermore, 
the appearance and subsequent depletion of 
a considerable amount of glycogen in the 
newborn pituitary in the first week of life 
has a parallel in an experiment by Hinde on 
the neonatal kidney(7). In the experiment 
referred to, abundant deposits of glycogen 
were demonstrated with the PAS technic as 
intensely staining magenta granules in the 
cells of the collecting tubules of the newborn 
rabbit. In contrast, only traces of glycogen 
were found in this site after the third week of 
life. Examination of kidneys of the newborn 
and adult guinea pig, rat and man gave the 
same results, though the amount of glycogen 
in the cells of the neonatal collecting tubules 
was less in these species than in the rabbit. 
The author raised the question of whether the 
glycogen in the neonatal kidney was mobile 
or had a local function, that is, whether like 
liver or like muscle glycogen. The significance 
of this question is underlined by the data 
which indicate depletion of carbohydrate 
stores shortly after birth when the fall in the 
respiratory quotient reveals a shift from util- 
ization of carbohydrate exclusively to utiliza- 
tion of fat(8). Indeed the liver glycogen of 
the guinea pig was shown to drop from greater 
than adult levels at birth to almost nothing in 
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10 hours(9). It would be interesting to know 
whether the glycogen seen in neonatal pitui- 
taries and kidneys represents accessory depots 
of carbohydrate for the general body metabo- 
lism of the newborn, or whether it has a spe- 
cific role in the development of the organ or 
in its early postnatal function. The presence 
of histologically demonstrable amounts of gly- 
cogen in the pars tuberalis at 7 months might 
suggest a special significance of glycogen to 
the pituitary function of the adult. 

A noteworthy feature of the glycogen in 
young pituitaries is its distribution in the 
most vascular areas of the pituitary complex; 
it was not localized in the relatively avascular 
intermediate lobe or in areas of the brain 
adjacent the very vascular median eminence. 
This preference for localizing in the more 
vascular parts of the organ was not the case 
with the newborn kidney. 


Summary. 1. Material giving a very strong 
periodic acid-Schiff reaction was seen in cer- 
tain structures in sections of mouse pitui- 
taries. This material was shown to be glyco- 
gen by its disappearance when exposed to 
saliva or diastase prior to staining. 2. In mice 
8 days and younger, glycogen could be dem- 
onstrated in ‘the intercellular spaces and in the 


A New Micro-Method for the L.E. Cell Phenomenon.* 


L.E. CELL PHENOMENON 


cells of the neural lobe, in the cells of the pars 
tuberalis, and intercellularly in the stalk and 
median eminence of the hypothalamus. At 
5 days and less, glycogen also appeared to be 
located in irregular patterns in the sinusoids 
of the anterior lobe. 3. After 8 days of age, 
glycogen was apparently restricted, in the 
pituitary system, to the pars tuberalis. After 
one month the amount of glycogen was con- 
siderably reduced, but nevertheless could still 
be demonstrated at 7 months. 


Appreciation is expressed to Dr. Monte A. Greer 
for valuable advice and criticism, to Dr. Clifford 
Grobstein for providing the animals, and to Mr. 
John McGuire for taking the photographs. 
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The primary role of the polymorphonuclear 
blood cells in the L.E. cell reaction has been 
demonstrated in supravital studies by Rohn 
and Bond(1). In the test being described, a 
film of polymorphonucleocytes has been 
placed in contact with the lupus erythema- 
tosus (L.E.) factor of the patient’s serum on 
a glass surface. This environment allows them 
free movement and does not interfere with 


* Supported by a grant from the Masonic Founda- 
tion for Medical Research and Human Welfare. 

t New address: Jewish Hospital, St. Louis, Mo. 

t New address: Baltimore City Hospital, Md. 

§ Senior Fellow, Arthritis and Rheumatism Foun- 
dation. 


phagocytic ability. The method shows prom- 
ise not only as a diagnostic aid, but also as a 
useful method for investigative work. 
Method, Living granulocytes are isolated 
on a glass slide by a modification of the meth- 
od described recently by Harris(2) and orig- 
inally by Wright and Colebrook (3). The cells. 
are then exposed to the L.E. factor in serum 
or plasma. The following are the steps. 
Granulocytes from any donor are obtained by 
depositing 2 to 3 drops of blood obtained in- 
travenously or by finger puncture in each of 
3 circles on a clean glass slide. The slide is. 
then incubated in a closed Petri dish contain-- 
ing moistened filter paper at 37°C for 20 min-. 
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L.E. 


cell surrounded by polymorphonu- 
cleocytes: of **dise.’” 


utes. It is then thoroughly washed by a spray 
of normal saline from a wash bottle to remove 
the clot and wash away all extraneous ele- 
ments. A thin, filmy “disc” remains in each 
circle which consists almost entirely of poly- 
morphonuclear leucocytes. The “discs” are 
then flooded immediately with several drops 
of the plasma or serum to be tested, and 
promptly covered with cover slips. The slides 
are then again incubated at 37°C in closed 
Petri dishes containing moistened filter paper 
for one hour. The cover slip is removed; the 
slide is allowed to air dry completely while 
standing on edge. It is then stained routinely 
with Wright or MacNeal tetrachrome, and ex- 
amined under the microscope. Six discs 
should be examined before reporting a nega- 
tive result. If the polymorphonucleocytes 
have been properly preserved they will show 
normal structure on staining. If they appear 
abnormal, it is likely that they have lost their 
phagocytic activity and that the test will not 
be successful. 

Results. The “disc” test gave character- 
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istic L.E. cells with the serum of 11 patients 
with systemic lupus erythematosus(Fig. 1). 
It was negative in one patient with chronic 
disseminated lupus erythematosus whose 
serum had reacted negatively repeatedly by a 
number of standard procedures including the 
two-hour clot method(4). Of the 11 positive 
sera, 8 were from patients with the acute form 
of the disease, who at the time were being 
maintained in almost complete remission on 
suppressive therapy. L.E. cells were noted in 
36 different sera of 41 tested in this group. 
The sera of 2 patients with subacute dis- 
seminated lupus erythematosus gave positive 
tests. One patient with low grade chronic 
disseminated disease gave a positive test on 
only one of 8 separate serum samples. 

Control sera were obtained from 26 normal 
individuals, 36 patients with active rheuma- 
toid arthritis, 33 patients with active rheu- 
matic fever, and 24 with a number of miscel- 
laneous conditions. All gave negative results. 

In all 29 determinations on individual sera 
from 10 patients, in which the present modi- 
fication and the 2-hour clot method(4) were 
carried out simultaneously, the “disc” test 
showed either as many or more L.E. cells per 
high power field than the latter test. The 
“disc” method, moreover, was often positive 
when the clot method yielded results which 
were either negative or difficult to interpret 
with certainty. 

In addition to formation of characteristic 
L.E. cells, rosette formation and clumping of 
leucocytes were frequently observed. Rosette 
formation and clumping without true L.E. 
cell formation were uncommon. 

Discussion. Positive results by the method 
described are easily distinguished. With the 
elimination of almost all red blood cells, plate- 
lets, and mononuclear elements the likelihood 
of false positive reading is reduced. The 
granulocytes are not distorted since they are 
not subjected to mechanical trauma. The 
ease with which a negative result can be es- 
tablished is also an important advantage of 
the “disc” method. A rapid scanning under 
low power is usually sufficient to obtain an 
accurate reading. 

Clumping of granulocytes was frequently 
observed when sera from patients with lupus 
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erythematosus were tested. By the method 
described, and in the granulocyte studies of 
Harris(2), normal polymorphonuclear cells 
do not clump and are found to lie distinctly 
separated from one another on the slide. 
Clumping of cells, only, without true rosette 
or L.E. cell formation has been observed by 
us as an isolated finding, moreover, only in 
patients who have at other times demon- 
strated true L.E. cells. It would appear likely, 
therefore, that the occurrence of clumping 
using the “disc” test is an indication of the 
presence of L.E. activity either as part of the 
L.E. cell phenomenon or due to a separate 
“clumping factor.” 

Summary. A micro-method for the demon- 
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stration of the L.E. cell in peripheral blood 
employing a “disc” of granulocytes spread on 
glass has been presented. It has the advan- 
tage of ease of performance, simplicity in 
reading, and increased sensitivity. 


We wish to thank Mr. M. Tanner for technical 
assistance, and Mr. B. Joffe for aid in these studies. 
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EpwIn L. BracKNEY, ALAN P. THAL, AND OWEN H. WANGENSTEEN. 


From the Department cf Surgery, University of Minnesota, Minneapolis. 


That the duodenum plays an important role 
in the control of the secretory and motor ac- 
tivity of the stomach was demonstrated long 
ago, when Sokolov(1) in Pavlov’s laboratory 
demonstrated that the inhibitory effect which 
fat was known to have on secretion of gastric 
juice was mediated through the duodenum 
rather than by some direct effect of fat upon 
the stomach itself. At the same time, Sokolov 
reported that the introduction of 0.5% HCl 
of gastric juice into the duodenum inhibited 
gastric secretion. These observations were 
made on Pavlov-pouch dogs with gastric and 
duodenal fistulas. Sokolov’s findings indicat- 
ed that both nervous and chemical phases of 
gastric secretion were inhibited. 

The experiments reported herein were de- 
vised to try to obtain some indication as to 
the nature, magnitude and possible impor- 
tance of the inhibitory control of the duod- 
enum over gastric secretion. That such con- 
trol may be of importance is suggested in ex- 
periments of Storer, Oberhelman, Woodward, 
Smith and Dragstedt(2) who showed that 
there was an increase in the amount of gastric 
juice secreted by an isolated stomach pouch 
following the Exalto-Mann-Williamson _pro- 


cedure in which the segment of the duodenum 
containing the terminations of the pancreatic 
and bile ducts are drained into the terminal 
ileum. Some suggestion of duodenal control 
over gastric secretion is indicated also in ex- 
periments of Keefer, Martin and Glenn(3), 
who found that direct transplantation of the 
duodenum into the stream of the terminal 
ileum or of the colon, resulted in development 
of perforated duodenal ulcers in a high per- 
centage of dogs. 

Methods. This report is based on data ob- 
tained from 8 adult male and female mongrel 
dogs weighing from 10 to 20 kg. Each dog 
had 2 operations. First, an isolated gastric 
(Heidenhain) pouch was fashioned from the 
greater curvature of the body and fundus of 
stomach—this pouch was drained externally 
by means of a lucite cannula protected exter- 
nally by means of a stainless steel sleeve. The 
dogs were allowed to recover from this first 
operation for approximately 3 weeks, and 
then the output of their Heidenhain pouches 
was “standardized.” In standardizing, the 
pouch secretion was collected for an 8 hour 
period, every other day, 3 days a week. Dogs 
were fasted 16 hours prior to each collection 
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Effect of resection of the duodenum and proximal jejunum on secretion of HCl by a 


Heidenhain pouch, 


period so that gastric secretion would be in a 
basal, fasting state at beginning of collection, 
and then at the end of second hour of collec- 
tion period they were given a meal of 200 g 
of cooked horse meat as a standard stimulus 
to gastric secretion. The volume of secretion 
and the degree of free acidity and of total 
acidity were measured. The amount of free 
HCl in milliequivalents secreted during col- 
lection period was then calculated by multi- 
plying the free acidity in clinical units by vol- 
ume of secretion in liters. These standardiz- 
ing collections were made 3 days a week for 
at least 4 weeks. After pouches were stand- 
ardized, the dogs were divided into 2 groups 
and were operated upon a second time. In 
Group 1 (Duodenectomy) the duodenum, ex- 
cept for the first 2 cm distal to the pylorus, 
and the proximal 20 to 30 cm of jejunum 
were excised. During the dissection, care 
was taken to preserve the blood supply of the 
pancreas. Then the jejunum was anasto- 
mosed end-to-end to the duodenal remnant 
on the pylorus, and the common bile duct 
and the pancreatic duct were anastomosed 
end-to-side to the jejunum in approximately 
the same relation to the pylorus that their 
original outlets into the duodenum had. The 
2 cm remnant of duodenum was left attached 
to the pylorus to preserve, if possible, normal 
pyloric sphincter function. (See Fig. 1 for a 


diagram of this operation.) In Group 2 
(Duodenal Transplant), the entire duode- 
num, except for the first 2 cm distal to pylo- 
rus, and the proximal 20 to 30 cm of the 
jejunum were transplanted into the small 
bowel at about mid-point of the jejuno-ileum. 
In other words, a segment of jejuno-ileum ap- 
proximately 1.5 meters long was interposed 
between stomach and duodenum. This was 
done by transecting the duodenum about 2 
cm distal to the pylorus and dividing the 
jejunum about 30 cm distal to ligament of 
Treitz. Bile and pancreatic ducts remained 
intact in the duodenojejunal segment trans- 
planted to its new lower level in the intestinal 
tract. The distal cut end of the jejunum was 
then anastomosed end-to-end to the remnant 
of duodenum left attached to the pylorus. 
The jejuno-ileum was then transected at ap- 
proximately its mid-point, and the isolated 
duodenojejunal segment was transplanted iso- 
peristaltically into this point by making end- 
to-end anastomoses between proximal end of 
the isolated segment and proximal cut end of 
the jejunoileum and between the distal end 
of the isolated segment and the distal cut end 
of the small bowel. (See Fig. 2 for a diagram 
of this operation.) The dogs were allowed 
to recover from their second operation for 
approximately one week, and then the output 
of free HCl from their isolated gastric (Heid- 
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FIG. 2. Effect of interposition of a long segment of jejunoileum between the stomach and duo- 
denum on the secretion of HCl by a Heidenhain pouch. 


enhain) pouches was again standardized. 
This standardization was carried out in ex- 
actly the same way as the original pouch 
standardization, except that collections were 
continued every other day, three days a week 
for as long as the animals lived. Generally 
speaking, neither duodenectomy nor duodenal 
transplant operation seemed to have any ad- 
verse effect on the dogs’ general condition. 
All dogs had good appetites postoperatively, 
and they maintained their weights well. A 
few of them died of distemper and of intus- 
sussception. Autopsy of these dogs revealed 
that all anastomoses, both of bowel and of 
pancreatic and bile ducts, were widely patent 
with no suggestion of narrowing or obstruc- 
tion. 


Results. A marked increase in the amount 
of free HCl secreted during the 8 hour collec- 
tion periods from the Heidenhain pouches of 
all dogs, followed both duodenectomy and 
duodenal transplantation; and the magnitude 
of the increase was roughly the same follow- 
ing both operations. 

Table I summarizes the data for Group I 
(Duodenectomy). Following resection of 
duodenum and proximal jejunum, the increase 
in mean secretion of free HCl per 8 hour col- 
lection period ranged from 84% in one animal 
to 820% in another. The difference between 
pre-operative and post-operative mean secre- 
tion levels is statistically significant in every 
case. Generally speaking, dogs with the 
smaller preoperative outputs had the greater 


TABLE I. Mean Output of Free HCl by Isolated Gastric (Heidenhain) Pouches before and after Re- 
section of Duodenum and Proximal 20 to 30 em of Jejunum. 
Group 1, duodenectomy in 5 dogs. 


Ga Ere-Operabive r Post-operative ————_, 
Mean output Mean output Diff. Stand. % increase 
No.of of HCl/8 hr No.of of HC1/8 hr between error following 
samples in mEq Stand. dey. samples in mEq Stand. dey. means of diff. operation 
(X) (%) (%-X,) 
13 1.536 1.340 19 4.508 2.471 2.972 675 194 
15 1.595 1.500 30 4,274 3.552 2.679 756 168 
13 .288 452 68 2.649 1.635 2.361 233 820 
13 5.788 1.875 6 10.63 3.821 4.842 1.470 84 
12 4.012 1.648 6 11.32 4.209 7.808 1.783 182 
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TABLE II. Mean Output of Free HCl by Isolated Gastric (Heidenhain) Pouches before and after 
Interposition of a Segment of Jejuno-Ileum Approximately 1.5 Meters Long between the Stomach and 
Duodenum. 

Group 2, duodenal transplant, 3 dogs. 


———— Ere-operative =) - 


Post-duodenal transplant —_, 


Mean output Mean output Diff. Stand. % inerease 
No.of of HCI/8 hr No.of of HCl/8 hr between error pollo 
samples in mEq Stand. dev. samples in mEq Stand. dey. means of diff. operation 
Co (Xs) (a) 
14 3.101 1.810 32 6.580 3,883 4701 940 sua UneRtSS 
1183 .558 .669 53 2.590 1.831 2.082 BAL 364 
15 2.023 5.148 3.384 Bia B25) .776 154 


1.765 29 


percentage increase in pouch output post- 
operatively. 

Table II shows that, following transplanta- 
tion of the duodenum into the small bowel 
well away from the discharge of unaltered 
stomach content, there was an increase in out- 
put of free HCl which ranged from 113% to 
364%. In this group, the difference between 
pre-operative and post-operative means was 
also found to be significant. 

Fig. 1 and 2 demonstrate graphically the 
increase in pouch secretion following the two 
operations; and they also show the variation 
in output of the Heidenhain pouches from day 
to day—a variation shown by all dogs in both 
groups both pre-operatively and _ post-oper- 
atively. The increase in mean output follow- 
ing the operations was accompanied by an in- 
crease in variability of output; the increase 
between mean and the standard deviation was 
roughly linear.* 

Discussion. The magnitude of increase in 
output of free HCl from dogs with Heiden- 
hain gastric pouches following both duode- 
nectomy and duodenal transplantation is in- 
deed impressive. The findings, however, 
should not come as a great surprise, inasmuch 
as Sokolov(1) reported that when fat, 0.5% 
HCl or gastric juice were introduced into the 
duodenum of Pavlov-pouch dogs with gastric 
and duodenal fistulas, both amount and di- 
gestive ability of the juice secreted by the 


* No attempt was made to get a pooled estimate of 
variance as is appropriate in Student’s “‘t” test, since 
there was an increase in variance corresponding to 
the operation. In results presented, the difference in 
means is, in every case, sufficiently large with respect 
to its standard error that the approximate test may 
be regarded as conclusive. 


pouch were reduced. 

There is no indication in these experiments 
as to the mechanism in the duodenum re- 
sponsible for the tremendous increase in gas- 
tric secretion in these dogs. Presumably it 
is the same in dogs following duodenectomy 
as well as after duodenal transplant. Delay 
in gastric emptying time could be responsible, 
in that an increase in the chemical phase of 
gastric secretion would result from food re- 
maining in contact with the antral mucosa for 
longer periods, thereby causing an increase in 
amount of gastrin liberated. The possibility 
of such an explanation being a likely cause 
was ruled out by submitting one dog from 
each group to a barium meal which was fol- 
lowed fluoroscopically. Gastric emptying 
and progress through the small bowel were 
normal; and there appeared to be no delay 
in emptying of stomach or transit of barium 
beyond the anastomoses; however, no pre- 
operative studies were made upon dogs prior 
to operative procedures. 

Fat has been known to exert its inhibitory 
effect on gastric secretion only after it enters 
the small bowel, particularly the duodenum, 
since the work of Sokolov in 1904. Farrell 
and Ivy(4) and Feng, Hou and Lim(5) 
proved that this mechanism was humoral 
when they demonstrated the same effect in 
auto-transplanted fundic pouches completely 
separated from their original blood supply. 
Kosaka and Lim(6) extracted the hormone 
from the duodenal mucosa and named it ‘“‘en- 
terogastrone.” Hydrochloric acid and gastric 
juice were shown by Sokolov(1) to cause an 
inhibition of gastric secretion when introduced 
into the duodenum. This finding was con- 
firmed by Day and Webster(7) and by Pin- 
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cus, Thomas, and Rehfuss(8) who found an 
inhibition of gastric secretion from an isolated 
gastric pouch stimulated by a test meat meal 
when either N/10 HCl or gastric juice were 
introduced into the duodenum. Neutralized 
gastric juice had no effect. The mechanism 
of the action of acids may be hormonal, since 
the dogs of Day and Webster did not have in- 
nervated pouches. Sugars were also shown 
to have an inhibitory effect on gastric secre- 
tion when introduced into the duodenum by 
Day and Komarov(9). This inhibitory effect 
was stronger when glucose was introduced di- 
rectly into the duodenum than when the 
same amount was given intravenously. The 
degree of inhibition varied directly with the 
concentration of glucose used, and Day and 
Komarovy concluded that its inhibitory action 
was probably due to its osmotic effects. Pep- 
tones and products of protein hydrolysis have 
been shown by Thomas and Crider(10) to 
have an inhibitory effect on gastric motility 
when placed in the duodenum; however no 
inhibitory effect of these substances on gas- 
tric secretion has been reported. 


It is possible that the peptic ulcers which - 


follow the Mann-Williamson procedure, as 
well as those which follow the modified Mann- 
Williamson procedure as described by Keefer, 
Martin and Glenn(3) may be due, at least in 
part, to augmentation of gastric secretion at- 
tending exclusion unaltered gastric contents 
away from duodenal mucosa. This occur- 
rence also may help to account for the in- 
crease in incidence of stomal ulceration at- 
tending gastric resection in which a long af- 
ferent duodenojejunal loop is employed in 
gastrojejunostomy over that observed follow- 
ing employment of a short afferent loop as 
reported by Merendino e¢ al.(11,12). 
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Summary. 1. The output of free HCl by 
isolated gastric pouches more than doubled 
following resection of the duodenum and 
proximal 20 to 30 cm of jejunum. 2. Inter- 
posing a segment of small bowel approxi- 
mately 1.5 meters long between the stomach 
and duodenum also caused the output of free 
HCl from isolated gastric pouches to more 
than double. 3. The marked increase in HCl 
secretion following both operations was ob- 
served in every case and seemed to be inde- 
pendent of the pre-operative level of HCl 
secretion by the pouches. 
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The cause of sudden esophageal perforation 
which occurs in the absence of any recogniz- 
able pre-existing esophageal disease or symp- 
toms has been the subject of considerable 
speculation and controversy. The thesis that 
esophageal perforation might be due to the 
increased hydrostatic pressure within the 
esophageal lumen associated with the act of 
vomiting has been favored by many writers. 
This increased pressure could stretch and tear 
the esophageal wall. Mallory and Weiss(1) 
found that if a human stomach were partly 
filled with water and squeezed while the pylo- 
rus was obstructed and the esophagus partly 
constricted at the level of the diaphragm, 
vertical linear tears were produced in the 
mucosa of the lower esophagus which ex- 
tended down into the cardia of the stomach. 
The bursting pressure of the human esopha- 
gus was measured by Kinsella, Morse, and 
Hertzog(2) in cadavers. They found that 
this pressure varied between 100 and 300 mm 
of mercury, with an average of 193 mm of 
mercury in 29 subjects. These values agree 
closely with those reported by Mackenzie(3) 
and by Burt(4). When the esophagus is rup- 
tured by air or water pressure, the point of 
rupture is always in the lower third of the 
esophagus and always appears as a linear 
slit or tear. The bursting pressure of the hu- 
man esophagus approaches the physiological 
range, for Kinsella points out that an average 
adult can, by forced expiration, blow with a 
pressure of 110 to 125 mm of mercury, and 
that a strong man can sometimes attain a 
pressure of 180 to 190 mm of mercury. On 
the other hand, the bursting pressure of both 
the dog and cat esophagus, as reported by 
Ferguson and his associates(5) from this lab- 
oratory, is far beyond the physiological range; 
yet, as will be pointed out later, esophageal 
perforations quite similar to the spontaneous 
perforations seen in humans can be produced 
experimentally in these animals without the 
use of high pressures. Ferguson found that 
the average bursting pressure of the normal 


dog esophagus was 830 mm of mercury and 
that of the cat esophagus was in excess of 
1200 mm of mercury. There is considerable 
evidence that regurgitation of acid peptic 
juice into the esophagus may be the primary 
cause of acute esophageal perforation. The 
extreme susceptibility of the esophagus to in- 
jury by digestive juices has been shown in 
several ways at this clinic. Arroyave, Clat- 
worthy, and Wangensteen(6) showed that a 
tiny island of gastric mucosa transplanted 
into the esophageal wall invariably produced 
severe esophageal ulceration. Cross and Wan- 
gensteen(7) showed that bile and pancreatic 
juice, when diverted into the esophagus of 
dogs, produced severe esophageal erosions. 
Ferguson and his associates(5) reported a 
large series of experiments on the effects of 
acid-peptic juice on the esophagus. They 
perfused the esophagus of living cats with 
canine gastric pouch juice, and found that 
esophageal perforation occurred in one in- 
stance in as brief an interval as 19 minutes 
following commencement of the perfusion. In 
a series of 12 cats, the minimum perfusion 
time before perforation occurred was 19 min- 
utes and the maximum time was 2.3 hours. 
The perfusion pressure was only 20 cm of 
water, so that hydrostatic pressure was a neg- 
ligible factor. Perfusion of the cat esophagus 
with hydrochloric acid at pH 1 did cause 
esophagitis, and in some animals, esophageal 
perforation. But the perforations occurred 
only after much longer periods of time (5 to 
11 hours). It should be mentioned that the 
perforations resulting from these perfusion 
experiments occurred in the lower third of 
the esophagus and were linear, having the ap- 
pearance of linear slits or tears. Ferguson 
et al.(5) also reported a series of experiments 
in which repeated vomiting was produced in 
cats and dogs by obstruction of the pylorus. 
Intramuscular histamine-in-beeswax _ injec- 
tions were given to assure maximal secretion 
of highly acid gastric juice. Ina group of 13 
dogs treated in this way, 4 developed esopha- 
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geal perforations, 2 more had severe esopha- 
gitis, 4 had moderate esophagitis, and 3 had 
slight esophagitis. 

The present study was undertaken to ex- 
tend these observations and to furnish addi- 
tional control data. 

Methods. Mongrel dogs were anesthetized 
with intravenous pentobarbital sodium in a 
dose of approximately 30 mg per kilo. The 
abdomen was opened in the midline and 
the pylorus isolated and doubly ligated 
with heavy cotton twine; the abdomen was 
then closed. The animals were allowed to 
recover for about 16 hours, and were then 
given daily intramuscular injections of 30 mg 
of histamine base as a histamine-in-beeswax 
mixture. Fluid and electrolyte losses were re- 
placed with intravenous infusions of 5% dex- 
trose in Ringer’s solution. The dogs were di- 
vided into 4 groups. Group 1 had the pyloric 
ligation alone, and the other groups were sub- 
jected to additional operative procedures. 
Group 2 had a complete excision of the acid- 
secreting area of the stomach with an end-to- 
end esophagoantrostomy approximately 4 
weeks prior to pyloric ligation. This opera- 
tion was done so that there would be no acid- 
peptic juice passing through the esophagus 
when the dog vomited. Group 3 had a dou- 
ble-barrelled cervical esophagostomy done 
prior to the pyloric ligation. This was done 
to prevent swallowed saliva from reaching the 
distal portion of the esophagus. Group 4 had 
both the complete excision of the acid secret- 
ing area of the stomach and the double-bar- 
reled cervical esophagostomy done prior to 
the pyloric ligation. An additional experiment 
was done to determine the intraluminal pres- 
sure in the esophagus and stomach during 
vomiting and ito compare these pressures with 
the intrathoracic pressure. Small water-filled 
rubber balloons were placed in the stomach 
and esophagus and an open catheter was 
placed in the closed thorax. Pressures were 
measured continuously and simultaneously 
with Statham strain gauges and recorded with 
a Sanborn Polyviso recorder. Vomiting was 
produced in the dogs as a result of injections 
of apomorphine or by over-distention of the 
stomach with a dilute solution of copper sul- 
fate instilled through a gastric tube. The 
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dogs were fed prior to the experiment so that 
the vomitus would be more like that accom- 
panying spontaneous vomiting. Four dogs 
were used in this part of the study; 3 of these 
had pyloric ligation alone, and 1 had a com- 
plete excision of the acid-secreting area of the 
stomach prior to pyloric ligation. 


Results. The maximal simultaneous pres- 
sures recorded during the act of vomiting in 
the 4 dogs tested were: intra-esophageal— 
136 mm Hg; intra-gastric—l100 mm Hg; and 
intra-thoracic—60 mm Hg. The pressure 
readings in the dog in which excision of the 
acid-secreting area had been done were es- 
sentially the same as those in the dogs with 
intact stomachs. 


The results of the remainder of the experi- 
ments are summarized in Fig. 1. In Group 1 
(pyloric ligation alone) 2 out of 20 dogs de- 
veloped esophageal perforations, and died 4 
and 6 hours respectively after the first injec- 
tion of histamine. Ten more dogs in this 
group developed a severe degree of esopha- 
gitis, making a total of 12 dogs (60% of the 
group) with severe esophagitis. 

In Group 2 (pyloric ligation following ex- 
cision of the acid-secreting area of the 
stomach) no esophageal perforations, and in- 
deed, no esophagitis occurred in the entire 
group of 7 dogs. These dogs survived an av- 
erage of 7 days following the first injection 
of histamine, with a range of 3 days to 17 
days. 

In Group 3 (pyloric ligation following 
double - barrelled cervical esophagostomy) 
there was a far higher incidence of esophageal 
perforation than in Group 1 (pyloric ligation 
alone). Ten dogs out of 25 developed 
esophageal perforations. These perforations 
occurred in from 4 to 18 hours after the first 
injection of histamine. Nine more dogs had 
a severe degree of esophagitis, making a total 
of 19 dogs (76% of the group) with severe 
esophagitis. 

Group 4 (pyloric ligation following excision 
of the acid secreting area plus double-bar- 
relled cervical esophagostomy) had no 
esophageal perforations and no esophagitis. 
The average survival for the 4 dogs in this 
group was 9 days following the first histamine 
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of dogs 
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Esophagitis Gercent 


None 
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Moderate 6 


Severe 10 


Perforation 2 
4 


Total =20 
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GROUP IL 


PYLORIC LIGATION AND CERVICAL ESOPHAGOSTOMY 


Degree of 
Esophagitis 


Severe 


Perforation 


Total- 25 


Average survival after histamine in 
beeswox —less thon 24 hours 


heavy string ligatures 


GROUP IL 


EXCISION OF ACID- SECRETING AREA WITH 
ESOPHAGO-ANTROSTOMY AND PYLORIC LIGATION 


Number 
of dogs 


Degree of 


Esophagitis Berea 


None 7 100% 


Mild 


Moderate 


Severe 


Perforation 


Total — 7 


heavy 
~ string 
ligatures 


Average survival after first dose of 
histamine in beeswox —7 days 


FIG. 1. Effect on esophagus of repeated vomiting caused by obstruction of gastric outlet fol- 


lowing various operative procedures. 


Each dog was given a daily intramuscular dose of 
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histamine-in-beeswax to assure repeated emeses of a highly acid gastric juice. 


injection. The range of survival was 7 to 13 
days. 

The most common site of the esophageal 
perforations which occurred in these experi- 
ments was on the left lateral wall of the upper 
third of the thoracic esophagus. The perfora- 
tions were, without exception, elongated in 
the longitudinal axis of the esophagus and had 
the appearance of linear slits or tears. In 
most instances, there was a severe degree of 
generalized esophagitis with necrosis of much 
of the mucosa of the upper thoracic and lower 
cervical esophagus associated with the esoph- 
ageal perforation. However, in some in- 
stances, these changes were limited to the 
esophageal mucosa immediately surrounding 
the perforation. In every case, the perfora- 
tion was associated with a severe mediastin- 
itis and a large collection of cloudy, dark 
brown fluid and some air in one or both 
pleural cavities. Often the supporting tissues 
of the posterior mediastinum were completely 
digested away, leaving the major vessels and 


nerves cleanly exposed as if they had been 
carefully dissected out in an anatomical study. 
The. mediastinitis and empyema found in 
these dogs, in the light of the circumstance 
that many of them were autopsied within 5 
minutes after death, indicate that the per- 
forations occurred prior to death and were 
not post-mortem changes. 

Microscopic examination of the esophageal 
wall in the region of these perforations usually 
revealed large areas of superficial ulceration 
in which the squamous lining was denuded. 
There was a superficial zone of necrosis and 
the underlying submucosa was diffusely infil- 
trated with lymphocytes and polymorpho- 
nuclear leukocytes. The inflammatory reac- 
tion did not usually involve the muscular 
layer of the esophageal wall to any great ex- 
tent, but the adventitia often contained a 
diffuse inflammatory exudate as a result of 
the severe mediastinitis and pleuritis follow- 
ing the perforation. 

Discussion. The changes seen in both the 


310 


gross and microscopic examinations of the 
esophageal perforations of the dogs in these 
experiments have been observed to a greater 
or lesser degree in most of the human case re- 
ports where detailed gross and microscopic 
descriptions have been included. Of course, 
the extensive necrosis of almost the entire 
esophageal mucosa with marked brownish 
black discoloration has not been described; 
however, local areas of brownish black ne- 
crosis have been seen in human cases. In 
fact, Higgenson and Clagett(8) reported a 
case where there was complete dissolution of 
the entire circumference of the esophageal 
wall for a short distance above the diaphragm. 
The perforation in this case followed repeated 
retching and vomiting while the patient was 
on the operating table under spinal anesthesia. 


It seems clear from the experimental data 
presented here that increased hydrostatic 
pressure within the lumen of the esophagus 
played only a very minor role in the produc- 
tion of the esophageal perforations seen in 
these dogs, if, indeed, it played any role at 
all. It is also clear that acid-peptic injury to 
the esophageal wall was the important factor 
in their production. The most conclusive 
proof of this is the fact that excision of the 
acid-secreting area of the stomach entirely 
prevents esophageal injury following ligation 
of the pylorus. None of the dogs in Groups 
2 and 4 where the acid-secreting area was 
excised developed esophageal perforations, 
and in fact, none developed even a mild 
esophagitis. 

The extremely high incidence of esophageal 
perforation in the dogs in Group 3 (pyloric 
ligation following cervical esophagostomy) as 
compared with Group 1 (pyloric ligation 
alone) is also presumptive evidence that acid- 
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peptic digestion is important in causing these 
perforations. Diversion of the swallowed 
saliva away from the distal esophagus robs it 
of part of its mucoid protective coat and of 
the neutralizing effect of the saliva on gastric 
juice. 

Summary. 1. Esophageal perforations, 
similar in many respects to the so-called 
“spontaneous” perforations of the esophagus 
seen in humans, can be caused in dogs by 
ligation of the outlet of the stomach followed 
by intramuscular administration of histamine- 
in-beeswax. 2. The incidence of esophageal 
perforation is far higher following pyloric ob- 
struction in dogs that have a double-barrelled 
cervical esophagostomy prior to pyloric liga- 
tion. Presumably this is due to the loss of 
the protective effect of the saliva. 3. Ex- 
cision of the acid-secreting segment of the 
stomach not only prevents esophageal per- 
foration following pyloric ligation, but also 
completely prevents the development of any 
esophagitis. 


1. Mallory, G. K., and Weiss, S., Am. J. Med. Sc., 
1920, v178, 506. 

2. Kinsella, T. S., Morse, R. W., and Hertzog, A. S., 
J. Thor. Surg., 1948, v17, 613. 

3. Mackenzie, M., Diseases of the Nose and Throat, 
v2, 1884, Blakiston Co., Philadelphia, p169. 

4. Burt; C. Al VacArchs Surg, tost ved aoibe 

5. Ferguson, D. S., Sanches-Palomera, E., Sako, Y., 
Clatworthy, H. W., Toon, R. W., and Wangensteen, 
O. H., Surgery, 1950, v28, 1022. 

6. Arroyave, R., Clatworthy, H. W., and Wangen- 
steen, O. H., Surgical Forum, 1950, W. B. Saunders 
Co., Philadelphia, 1951, p57. 

7. Cross, F. S., and Wangensteen, O. H., Proc. Soc. 
Exp. Brov. AND Mep., 1951, v77, 862. 

8. Hegginson, J. F., and Clagett, O. T., J. Thor. 
Surg., 1948, v17, 846. 


Received February 1, 1955. P.S.E.B.M., 1955, v88. 


pila 


Pantethine and Casein Hydrolyzate in the Growth of Certain Lactobacilli. 
(21572) 


C. N. HUHTANEN. 


(Introduced by H. P. Broquist) 


From Nutrition and Physiology Section American Cyanamid Co., Research Division, 
Lederle Laboratories, Pearl River, N. Y. 


Veltre et al.(1) and Shorb and Veltre(2) 
observed that Lactobacillus bifidus of avian 
origin could not be grown on a completely 
synthetic medium but required certain na- 
tural materials for optimum growth. Studies 
of nutritional requirements of some rumen 
bacteria in the present investigation indicated 
that they also required unidentified factors 
having a similar distribution in natural ma- 
terials. This report describes the require- 
ments of some rumen lactic acid bacteria and 
includes an observation on the nutrition of 
avian L. bifidus. 

Methods. The basal medium was either 
that used in the assay of vit. By. with Lacto- 
bacillus leichmannii(3) or that of Shorb and 
Veltre(2). The cultures used were RO-H: 
described by Huhtanen and Gall(4), RO-CR 
and RO-L; described by Huhtanen and Gall 
(5). The avian bifid type was the same strain 
used by Shorb and Veltre(2). The medium 
for RO-H» contained glucose as the carbo- 
hydrate since this organism was not able to 
utilize lactose; conversely, the other types 
utilized glucose poorly or not at all but re- 
sponded well with lactose as energy source. 
All cultures were routinely carried in the com- 
plex organic broth of Huhtanen ef al.(6). 
Stock cultures were stored at room tempera- 
ture and retained viability for at least 2 
months without transfer. Inoculation was 
made by needle directly from a 24-hour cul- 
ture. This method of inoculation was neces- 
sary due to the difficulty of centrifuging the 
tiny cells of RO-Hz and to the sensitivity to 
oxygen of rumen anaerobes. The enzyme- 
hydrolyzed casein was prepared by digesting 
100 ml of a 2% solution of Difco vitamin- 
free casein in 1% NazHPO, at pH 8.8 for 4 
hours at 37°C with 50 mg of Difco pure tryp- 
sin. 

Results. No growth was obtained in the 
By. assay medium with RO-L;, RO-CR or 
RO-H.» with or without added B12; however, 


good growth was obtained by addition of 
graded amounts of yeast extract or whole 
brewers’ yeast. Certain other substances in- 
cluding hot water extracts of plant materials, 
Phytone and distillers’ solubles, all showed 
activity. An acetone extract of a propionibac- 
terium-like microorganism, RO-cl, described 
by Huhtanen and Gall(5) also showed good 
growth-promoting activity. Growth equal to 
that with yeast extract was obtained with a 
mixture of enzyme-hydrolyzed casein and the 
synthetic form of Lactobacillus bulgaricus 
factor (LBF, pantethine). No further stimu- 
latory factors could be demonstrated. Pan- 
tothenic acid in concentrations up to 50 y/ml 
would not replace pantethine. Coenzyme A 
of 3 different purities 50%, 70% and 95% 
produced growth responses in proportion to 
the amount of CO A present indicating that 
the bacteria responded to both the free and 
combined forms of LBF. 

A culture of the avian bifid in Shorb’s me- 
dium was also found to respond to enzyme- 
hydrolyzed casein and pantethine but a more 
marked response was obtained from hydro- 
lyzed casein than was obtained in the case of 
the rumen bacteria. Table I shows that this 
combination produced a growth response 
equal to that obtained from fish solubles. The 
fish solubles, however, greatly accelerated 
growth with good growth apparent within 24 
hours while with the pantethine plus enzyme 
hydrolyzed casein mixture at least 2 days 
were required for growth to develop. The 
pantethine requirement of the avian bifid was 
also replaceable by coenzyme A but not by 
excess pantothenic acid. At least 60% of the 
response to fish solubles could be replaced by 
pantethine alone, the remainder from some 
factor in hydrolyzed casein. This factor was 
not By»s, orotic acid or thioctic acid. 

It seemed of interest to determine the pos- 
sible relationship of the avian bifid to RO-L; 
and RO-CR. The observation was previously 
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TABLE I. Response of Avian Lactobacillus bifi- 

dus to Pantethine and Trypsin Hydrolyzed Casein. 

Results in terms of titratable acidity (ul 0.1 N 
NaOH per tube). 


ml assay 


Material material/tube 

assayed Other Additions On le Oars 

Fish solubles None a) By GH) 

Pantethine iy Ay) ie ae) 
(0.58 y/ml) 

Idem Trypsin hyd. casein 5.4 5.4 5.3 

4 Ibs, 4.9 4:2 “45 

e B,», orotie acid 4.0 4.3 4.2 

By, orotice acid, Ag GY ort} 


thioctic acid 

By», orotie acid, thi- Sher ie aE! 
octi¢ acid, trypsin 
hyd. easein 


With no additions titratable acidity was 0.5 ml 
0.1 N NaOH. Fish solubles—5% solution steamed 
and centrifuged. B,, 0.2 y/tube, orotic acid 8 y/ 
tube, thioetie acid 1.6 y/tube. Trypsin hyd. casein 
10 mg/tube. All solutions neutralized. Final vol- 
ume 10 ml. 


made by Huhtanen and Gall(5) that resting 
cells of RO-L; and RO-CR utilized starch and 
maltose more rapidly than glucose, a phe- 
nomenon not observed with any other lactic 
acid bacteria. The avian bifid was accordingly 
grown in the rich organic medium for 24 
hours, the cells were centrifuged, washed and 
resuspended in 0.9% NaHCO; previously 
gassed with CO. to pH 6.8. The manometric 
response to glucose, maltose and_ starch 
showed that starch and maltose were more 
readily utilized than glucose. The morphology 
of the avian bifid was different from that of 
RO-L; which showed no bifurcate rod forms, 
but RO-CR has been observed to grow in such 


arrangement. The response of RO-Hy» to 
these carbohydrates was not determined 
manometrically. 


Discussion. The Lactobacilli studied in this 
report do not appear to have unusual nutritive 
requirements other than the requirement for 
maltose, lactose or starch. Gyorgy et al.(7) 
also indicated that Lactobacillus bifidus and 
L. bifidus var. Penn ferment lactose or maltose 
more readily than glucose. This property ap- 
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pears to differentiate bifids from other Lacto- 
bacilli and may serve to differentiate them in 
cases where morphology alone is an insufficient 
criterion. 

The inability of Shorb and Veltre to dem- 
onstrate the requirement of the avian bifidus 
for pantethine may be because they used a 
different form of LBF. Long and Williams 
(8) showed that there were several chromato- 
graphic entities related to LBF which exhib- 
ited growth stimulating properties for Lacto- 
bacilli. 


Addendum. Since preparation of this man- 
uscript, Dr. M. S. Shorb has kindly repeated 
previous work with the finding that one strain 
of avian bifidus responds as indicated in this 
report but that freshly isolated strains may 
not show the same response to pantethine and 
enzyme hydrolyzed casein. 


Summary. Pantethine and enzyme-hydro- 
lyzed casein were found to supplant crude 
natural materials as sources of a presumed un- 
identified growth factor for several rumen bac- 
teria and for avian Lactobacillus bifidus. 


The author is indebted to Dr. E. E. Snell, Uni- 
versity of Texas for the pantethine, Dr. F. M. 
Strong, University of Wisconsin, for the samples of 
Co A and Dr. M. S. Shorb, University of Maryland, 
for the culture of avian Lactobacillus bifidus. 


1. Veltre, F. A. Shorb, Me 7S, and PRelcezar, Meni 
Jr., Proc. Soc. Exp. Bior. anp Mep., 1953, v83, 284. 

2. Shorb, M. S., and Veltre, F. A., zb7d., 1954, v86, 
140. 

3. Pharmacopeia of the United States, 3rd Suppl., 
XIV, Revision, 1951, v15. 

4. Huhtanen, C. N., and Gall, L. S., J. Bact., 1953, 
v65, 548. 


oO: 


—, ibid., 1953, v65, 554. 

6. Huhtanen, C. N., Rogers, M. S., and Gall, L. S., 
ibid., 1952, v64, 17. 

7. Gyorgy, Paul, Norris, Robert F., and Rose, 
Catherine, Arch. Biochem. and Biophysics, 1954, v48. 

8. Long, Calvin L., and Williams, William L., J. 
Bact., 1951, v61, 195. 


Received December 29, 1954. P.S.E.B.M., 1955, v88. 


SUS: 


Growth of Vaccinia Virus on Mouse Ascitic Tumor Cells in vivo.* (21573) 


Luotin S. ALTENBURG.+ 


(Introduced by H. J. Muller.) 


From the Department of Zoology and Comparative Anatomy, Oxford University, Oxford. 


The importance of vaccinia as a laboratory 
virus warrants the attempt to grow it in a 
host-virus system similar to that developed by 
Ackermann and Kurtz in their adaptation of 
influenza virus to growth in the Ehrlich ascites 
tumor cells of mice im vivo(1). Moreover, it 
seemed possible that an in vivo adapted strain 
might be more amenable to growth in ascites 
tumor cells cultured im vitro than would an 
unadapted strain, a possibility which was con- 
sidered after failure on our part to grow the 
virus directly in the tumor cells cultured in 
vitro by the usual technics. In the present 
preliminary report (confined to the in vivo 
experiments), the adaptation of vaccinia virus 
to culture in the ascitic form of 2 mouse tu- 
mors is described. 

Materials and methods. Tissues. Mouse 
sarcoma 37 cells capable of being propagated 
in the ascitic form were obtained by mashing 
solid tumor tissue through a metal screen of 
¥2 mm mesh. The washed tumor cells (sepa- 
rated by vigorous pipetting in 0.85% NaCl 
solution) were injected into the peritoneal 
cavities of mice. The tumor was then main- 
tained in ascitic form by withdrawing ascitic 
fluid from mice which had been inoculated 
with the tumor cells 3 to 5 days previously, 
4,000,000 to 10,000,000 tumor cells in 0.3 ml 
of 0.85% NaCl solution being injected intra- 
peritoneally into each of 5 mice for every pas- 
sage. Krebs tumor (normally an ascitic 
form) was propagated in the same manner. 
Virus. The WR-1 (Western Reserve) strain 
of vaccinia virus which had been propagated 
in the mouse brain but which possessed dermal 
affinity for the rabbit was used in these ex- 
periments. Virus titer. Viral titers were cal- 
culated by the standard technic of intradermal 
injection of rabbits and by intracerebral in- 
jection of young mice. Data obtained previ- 


* This work was partially supported by a grant 
from the Nuffield Foundation. 

+ Postdoctoral Martha Catching Enochs Fellow of 
Am. Assn. of University Women; present address 
Rice Institute, Houston, Texas. 


ously in this laboratory had shown that the 
50% infectivity titer obtained by the latter 
method was one 10-fold dilution less than that 
obtained by intradermal injection of rabbits. 
Results. | Sarcoma-vaccinia experiments. 
Three or 4 mice bearing 3- or 5-day-old sar- 
coma 37 ascitic tumors were inoculated intra- 
peritoneally with 0.2 ml of a 10+ dilution of 
an homogenate of mouse brain infected with 
vaccinia WR-1 virus (possessing a virus titer 
on the rabbit skin of 10°-°/ml). After 3 days, 
peritoneal fluid (2 to 5 ml from each mouse) 
was withdrawn, pooled, centrifuged to sedi- 
ment the cells, and 0.3 ml of the supernatant 
inoculated intraperitoneally into each of 3 or 
4 tumor-bearing mice for the next sarcoma- 
vaccinia passage. A portion of the superna- 
tant was sealed in glass and stored at —70°C 
for later titration on the rabbit. Every 3rd 
day the procedure was repeated. Titration of 
the virus content of the first 6 passages and 
of the original mouse brain suspension was 
then carried out by intradermal injections of 
the rabbit. Typical lesions which progressed 
to the hemorrhagic state on the 5th day after 
injection developed at the sites of injection of 
the original mouse brain material and of the 
first 2 passages of peritoneal fluid. Later pas- 
sages caused inflammatory reactions by the 
3rd day after injection, but these lesions did 
not progress to the hemorrhagic state there- 
after, it appearing that the virus had partly 
lost its dermal affinity for the rabbit by re- 
peated passages in the mouse. All lesions con- 
sidered positive for purposes of virus titration 
were definite and sufficiently distinct to be 
read on the 5th day. The infectivity titer of 
the first passage was 107 but had fallen to 
zero (i.e., was below the sensitivity threshhold 
of the titration method) by the 3rd passage, 
the 4th passage had a titer of 10°, the Sth 
passage 101°, and the 6th passage had a titer 
of 10+. A second series of experiments was 
carried out exactly as the first series, except 
that the infected peritoneal fluid was homoge- 
nized in an attempt to break up the tumor cells 
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and release the virus. The cell-free superna- 
tant was used to make further passages in 
tumor-bearing mice. In addition, 0.03 ml of 
the undiluted supernatant of each passage was 
immediately injected intracerebrally into each 
of 3 or 4 mice to test for the presence of virus. 
Cerebral symptoms developed on the 2nd or 
3rd day, 90% of the mice (28) died on the 4th 
or 5th day, and the remainder were dead by 
the 7th day. This was true for every passage 
from the Ist through the 10th. The 9th pas- 
sage material was titrated in the mouse brain 
in 10-fold dilutions, yielding a titer of 10-3-° 
(roughly equivalent to 10*° on the rabbit). 
Krebs-vaccinia experiments. After 5 serial 
passages of vaccinia in the peritoneal cavities 
of mice bearing Krebs ascitic cells, an intrader- 
mal titration of each passage was performed 
ona single rabbit. The Ist passage had a titer 
of 10-5, the 2nd passage a titer of 1071, the 
virus was not detectible on the 3rd passage, 
the titer of the 4th passage was 10°’, and 
that of the 5th was 101°. The lesions on the 
rabbit’s skin caused by the later passages 
were inflammatory rather than hemorrhagic 
but were quite distinct on the 5th day after 
injection. A second series of passages, carried 
out in the same way as the first series (except 
that the peritoneal fluid of each passage was 
homogenized before starting another passage) 
showed, upon intracerebral inoculation of 
mice, that the virus was definitely present in 
the peritoneal fluid of each passage, from the 
Ist through the 10th passage. In the present 
experiments, however, all mice receiving intra- 
cerebral injections survived until the 8th day 
and a few until the 23rd day (in contrast to 
death not later than the 7th day after injec- 
tion of the sarcoma 37 adapted virus). Be- 
ginning with the 4th passage all of the mice 
(26) developed cerebral symptoms and died 
between the 10th and 15th days. Influence of 
vaccinia virus on ascites tumor cells. To de- 
termine whether or not tumor cells in the peri- 
toneal cavities of the mice remained viable 
after coming into contact with the virus, undi- 
luted peritoneal fluid taken 3 days after the 
injection of the virus from one of the sarcoma- 
vaccinia passages and containing many tumor 
cells was injected intraperitoneally into 5 nor- 
mal mice. These mice appeared healthy on 


the 7th day, when they were sacrificed and 1 
ml of 0.85% NaCl solution added to the peri- 
toneal cavity of each. The fluid from each 
mouse was examined microscopically and 
found to contain the cells normally found in 
the peritoneal cavity but few or no tumor cells, 
indicating that most of the tumor cells had 
failed to survive. Autopsies failed to disclose 
gross lesions of the gut or the presence of solid 
tumorous masses. Controls. To make certain 
that non-viral toxic material in the peritoneal 
cavity was not causing death of the mice upon 
intracerebral inoculation, peritoneal fluid from 
tumor-bearing mice (not previously infected 
with the virus) was harvested on the 3rd day 
after inoculation of the tumor, homogenized, 
centrifuged, and injected intracerebrally into 
5 normal mice, all mice surviving beyond the 
30th day. Since vaccinia virus might con- 
ceivably propagate on mouse peritoneum as it 
is reported to do on rabbit peritoneum(2,3), 
a heavy initial injection of the original vac- 
cinia-infected mouse brain suspension was ad- 
ministered intraperitoneally to a new lot of 
mice. A total of 4 passages (at 3-day inter- 
vals) was completed, the peritoneal fluid from 
each passage being tested intradermally in 
rabbits and found not to contain virus. Thus 
the virus did not grow in the absence of the 
tumor cells. 

Discussion. The above experiments dem- 
onstrate that vaccinia virus can be grown on 
ascites tumor cells in the peritoneal cavities 
of mice, since in each of 4 separate series of 
serial passages (involving 5 to 11 passages in 
each series and a total of 31 passages), the 
virus was found to be present after the final 
passage, although approximately a 10-fold di- 
lution of the original inoculum was made at 
each passage. The pattern of adaptation was 
similar to that observed by Ackermann and 
Kurtz in their studies on the influenza virus 
(the virus titer dropping during the first 3 
passages and then rising consistently there- 
after). Loss of viability of the tumor cells, 
associated with the multiplication of the virus 
in the present experiments, was likewise in 
keeping with a similar effect of virus on host 
cells noted by Ackermann and Kurtz. The 
fact that vaccinia virus can be grown in two 
widely different kinds of tumor cells, selected 
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at random in the present experiments, indi- 
cates that the method might be of wide appli- 
cation, particularly since a solid tumor (sar- 
coma 37) was made to yield to the method. 

Summary. Adaptation of vaccinia WR-1 
virus to growth on 2 ascitic forms of mouse 
tumors (sarcoma 37 and Krebs) has been ac- 
complished by means of serial passages in the 
peritoneal cavities of mice. Loss of viability 
of the tumor cells was associated with multi- 
plication of the virus. 


The author wishes to thank Drs. F. K. Sanders 
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and G. N. C. Crawford for helpful suggestions and 
assistance in carrying out these experiments and Prof. 
A. C. Hardy for permitting the use of laboratory 
space in Dept. of Zoology and Comparative Anatomy, 
Oxford University. 
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Mammary Tumor Regression by Extracts of Histolyzed Amphibian Skin 


and Gills. 


(21574) 


O. M. HELFF. 


From the Department of Biology, University College, New Vork University. 


In 1948 the writer obtained complete re- 
gression of spontaneous mammary tumors of 
mice by the periodic injections of neutralized 
acid extracts of degenerating tail skin obtained 
from involuting R. catesbeiana larvae. This 
finding represents the first and only instance 
in which extracts of an amphibian tissue have 
been found effective in bringing about the to- 
tal degeneration of actively growing spontan- 
eous mammary tumors of mice. The present 
work represents a continuation of these results 
as regards the action of skin extracts and also 
relates the effects of extracts derived from de- 
generating amphibian muscle and gill tissues. 

Materials and methods. The extract of tail 
skin from normally metamorphosing R. cates- 
beiana larvae was of the same lot as previously 
prepared, used, and described by the writer 
(1). It was now approximately 15 months 
old, however, and its use made possible an 
evaluation of the possible continued potency 
of its tumor destructive qualities. Two new 
extracts were also utilized; one from histolyz- 
ing larval tail muscle and the other from de- 
generating larval gills. Both these prepara- 
tions consisted, like the original skin extracts 
previously described(1), of neutralized HCl 
extracts. There were two points of difference, 
however, in that the muscle and gill tissues 


were obtained from R. clamitans larvae which 
were undergoing artificially induced metamor- 
phosis. The effect of injecting sterile distilled 
water was also determined and, like other ex- 
perimental series, the results were checked 
against those of tumors injected with neutral- 
ized HCl control solutions. Mice with rapidly 
growing spontaneous mammary tumors were 
supplied by Carworth Farms, New City, N. Y. 
All extracts and control solutions were in- 
jected at 2 day intervals directly into the tu- 
mors for a total of 6 injections per animal. 
The dosage at each injection was 0.15 cc. 
Results. The results of the skin extract in- 
jections are listed in Table I. Only those ani- 
mals which lived for more than 10 days fol- 
lowing the last injection were tabulated. The 
results of the skin extract injections showed 
that a 30.7% average reduction in length plus 
breadth dimensions of the tumors had taken 
place within 12 days following the first injec- 
tion. One tumor regressed completely within 
12 days and 4 (50%) of the others regressed 
later. The control tumors showed only a 
5.0% average reduction within this same time 
limit while none underwent subsequent com- 
plete degeneration. Since the ratio of the dif- 
ference between these 2 means to the probable 
error of the difference was 3.72, the results are 
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TABLE I. Effect of Various Agents on Spontaneous Mammary Gland Tumors of Mice. 
—— ee 


Tumor size* (mm) 


AMPHIBIAN Extracts, MAMMARY TUMOR DEGENERATION 


No. in 
Treatment group); 
ie catesbeiana t 
Skin extr. 9 24/25 (20/22), 
25/21 (13726), 
38/31 (21/26) 
Control sol. 8 23/23 (25/50), 
24/21 (18/66), 
R. clamitans 
Muscle extr. Y 28/20 (15/61), 
33/40 (44/29), 
26/26 (33/29) 
Gill extr. iil 23/138 ( 0/57), 
37/30 (17/27), 
23/ 9 ( 0/60), 
Control sol. 10 30/31 (30/52), 
39/42 (33/55), 
26/24 (28/62), 
Distilled water 5 36/40 (48/64), 
26/32 (39/25) 
Control sol. 4 35/30 (25/25), 


34/30 (19/26), 
27/18 ( 0/58), 


21/26 (23/57), 
35/32 (29/26), 


27/18 (13/66), 
40/39 (42/29), 


31/28 (14/27), 
26/17 ( 0/63), 
27/18 ( 0/27), 
23/23 (20/30), 
22/25 (28/58), 
31/30 (29/57) 


27/38 (34/25), 


38/ 0 ( 0/53), 
31/22 ( 0/56), 


34/30 (23/23), 
31/28 (25/51), 


30/29 (26/62), 
38/42 (54/54), 


24/ 9 ( 0/52), 
38/34 (21/27), 
36/15 ( 7/58) 
39/29 (21/27), 
37/43 (53/23), 


33/33 (44/52), 


26/13 ( 0/53), 
26/20 ( 0/61), 


33/29 (24/20), 
33/30 (24/59) 


20/23 (29/53), 
35/29 (24/57), 


28/ 8 ( 0/59), 
19/16 ( 0/61), 


27/22 (19/30), 
32/29 (22/51), 


42/48 (52/57), 


28/30 (25/58), 40/36 (36/25), 32/34 (28/60) 


* Initial tumor size over size 12 days after 


first treatment. Im parentheses, size over days 


after first treatment when animal died or was killed for autopsy. ; 
+ All survival times 20-30 days, inclusive, were animals killed for autopsy; 50-66 days, in- 


elusive, animals died. 


statistically significant in that the 15 months 
old skin extract was apparently still potent, 
although much less so since, when first used 
(15 months previously), the results showed a 
ratio of 7.42. The wide variation between 
these 2 ratios may not, however, be a true 
measure of the degree of potency drop, so in- 
dicated, when one considers that the earlier 
ratio of 7.42 was based on but 3 injected and 
3 control tumors, whereas the present ratio 
of 3.72 was calculated from the results of 9 
injected and 8 control cases. 

The results of the tail muscle extract injec- 
tions are listed in Table I. Although the av- 
erage length plus breadth tumor reduction 
(4.2%) within 12 days following the first in- 
jection was greater than that of the controls 
(2.4%), this difference was of no statistical 
significance since the ratio of the difference 
between the 2 means to the probable error of 
their difference was but 0.35. In fact, it will 
be noted that the per cent reduction of the 
experimental tumors (4.2%) was even 
slightly less than that of the control group 
(5.0% ) used for the skin extract series. It 
seems evident, therefore, that the muscle ex- 
tracts possessed no additive degenerative ef- 
fects as compared with the control solutions. 


In this respect, R. clamitans tail muscle ex- 
tracts correspond to previously obtained but 
unpublished results of the writer when using 
R. catesbeiana tail muscle extracts. 

The results of the gill extract injections are 
listed also in Table I. Here, in contrast to the 
results of muscle extract injections, a pro- 
nounced degenerative effect on the tumors is 
to be noted amounting to an average reduction 
of 38.1% within 12 days following the first 
injection as compared with but 2.4% for the 
controls; the same controls being used for this 
series as for the muscle extract series. The 
marked ratio of 6.92 between the difference of 
the 2 means to the probable error of their dif- 
ference leaves no question as to the effective- 
ness of gill extracts in bringing about tumor 
regression. Although none of the gill extract 
injected tumors underwent complete regres- 
sion within 12 days following the first injec- 
tion, 7 of the 11 cases degenerated completely 
by the time they were killed for autopsy or 
had died (Table I). None of the controls evi- 
denced complete degeneration. 

Lastly, the results of sterile water injections 
are listed in Table I. It is evident here that 
although one case showed neither a reduction 
nor an enlargement in tumor size, the other 
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4 enlarged moderately within the time limits 
of the experiment, so that the average increase 
of the 5 tumors amounted to 14.1%. The 4 
control tumors experienced the usual fluctua- 
tions in size and averaged a 2.7% reduction. 
Distilled water, as might be expected there- 
fore, apparently inhibits tumor growth little, 
if any. The ratio calculated here between the 
difference of the means to its probable error 
was 4.10, but it must be remembered that the 
water injected tumors increased more or less 
normally in size while the control injected 
tumors underwent slight regression. 
Summary. Injection of neutralized acid ex- 
tracts of histolyzing tail skin from R. cates- 
beiana larvae undergoing normal metamorpho- 
sis into spontaneous mammary tumors of mice 
caused regression of tumors, as reported ear- 
lier. This oncolytic substance retains some 
activity after 15 months at 5+2°C. Ex- 
tracts made of histolyzing R. clamitans tail 
muscle from larvae undergoing artificial meta- 
morphosis are not oncolytic. In this respect 
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they correspond to R. catesbeiana tail muscle 
extracts made from normally metamorphosing 
larvae. Extracts made from histolyzing gills 
of artificially metamorphosed R. clamitans 
larvae produce pronounced regression of mam- 
mary tumors. The effect of injecting sterile 
distilled water is practically nil, although the 
rate of tumor growth may be slightly retarded 
in some instances. It is concluded that ex- 
tracts made from histolyzing larval anuran 
gills, similar to those made from degenerating 
larval anuran tail skin, contain some substance 
or substances which exert an inhibitory and 
regressive influence on spontaneous mammary 
tumors of mice. The results are statistically 
significant as compared with the mild regres- 
sive influence of control solutions similarly in- 
jected. 


1. Helff, O. M., Proc. Soc. Exp. Bior. anp MeEp., 
1948, v69, 336. 
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BEN Btioom. (Introduced by S. S. Chernick) 
From National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, 
Public Health Service, U. S. Department of Health, Education and Welfare, Bethesda, Md. 


In a previous communication(1) it was 
shown that rat diaphragm sections catabolize 
glucose in a manner predictable from the as- 
sumption of exclusive operation of the Emb- 
den-Meyerhof(E.M.) pathway. This finding 
was confirmed by the demonstration that in- 
cubation of rat diaphragm with glucose-6-C™ 
and glucose-1-C™ results in essentially iden- 
tical yields of C'O.(2). With rat liver 
slices it was found that the sixth carbon 
of glucose gave rise to CO» in about 35% 
of the yield derived from the first carbon 
of glucose. Evaluation of the ratio of 
C'40. formation from  glucose-6-C! and 
glucose-1-C'4 has been made for liver slices of 
rats in various states(3), yeast(4), various 
plant materials(5), and rat mammary glands 
(6). It should be noted, however, that this 
ratio can be used as a quantitative measure of 


the fraction of glucose catabolized via the E. 
M. pathway only when it has a value close to 
unity. Other values of this ratio are only of 
qualitative significance(6,7). 

In the present study the yields of ClO, 
from glucose-1-C'* and _ glucose-6-C! have 
been compared for several rabbit tissues. 

Methods. Glucose-1-C'* and glucose-6-C! 
were obtained from the National Bureau of 
Standards. The incubation medium consisted 
of Krebs-Ringer bicarbonate buffer as de- 
scribed by Umbreit e¢ al.(8). Non-isotopic 
sodium gluconate, sodium lactate, and sodium 
acetate were included in the medium in order 
that the conditions might be comparable with 
previous studies(1,2). A description of the 
incubation flask, as well as other details of 
the incubation procedure, have been reported 


(1). 
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TABLE I. In Vitro Conversion of Glucose-C*% to 
CMO,. Rabbit tissues were incubated 3 hr at 37.8° 


with 5.5 ml of bicarbonate buffer containing 50 
uM each of glucose, gluconate, lactate and acetate. 
Location of isotope in labeled glucose is indicated 


below. Radiochemiéal yields of CO, caleulated/500 
mg of tissue. 


Radiochemical 


yield of CO, Ratio, 
Rabbit from glucose, % G-6-C™%/ 
Tissue No.* -J-C4 -6-C¥ G-1-C¥ 

ain ote ieee 7a 56 93 
2 3,12 2.98 94 

3 3.85 3.56 92 

4 3.18 a) pi 1.04 

Kidney ] 1.38 1.52 1.10 
2 2.01 Ai: 86 

3 1.70 1.04 61 

4 2.45 2.27 92 

Heart 2 60 36 60 
3 We 61 83 

4 Milk {se oe 

Spleen ] 1.88 .93 49 
2 2.36 83 30 

3 2.34 1.09 48 

4 2.06 alk 57 

Liver ] 3.18 1,12 36 
2 3.63 1.44 40 

3 5.67 1.59 .28 

Bone marrow ] 2.02 62 .30 
2 1.05 28 27 

Testis i 2.40 .76 32 
4 4.37 1.29 .29 


e No. 1 and 2 were chinchilla rabbits, @ and 9, 
respectively. No. 3 and 4 were white rabbits, 9 
and @, respectively. 


Results. Recoveries of CO. upon incuba- 
tion of various rabbit tissues with glucose-1- 
C™ and glucose-6-C'* are recorded in the 
Table. The ratios of the recoveries obtained 
with kidney and liver slices are in good 
agreement with those previously found with 
rat tissues. With rabbit brain slices a value 
close to unity was obtained, indicative of 
the unique operation of the E. M. pathway for 
the catabolism of glucose by this tissue. Bone 
marrow and testis slices converted the first 
carbon of glucose to CO, in yields of about 3 
times that derived from the sixth carbon. 
Cardiac muscle and spleen slices yielded ratios 
of intermediate value. 

The only catabolic pathways for glucose in 
mammalian tissues for which a substantial 
body of information exists are the E. M. and 
the phosphogluconate oxidation pathways 
(9,10). One of the characteristics of this lat- 
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ter pathway is the preferential appearance of 
carbon one of glucose as COz and this require- 
ment is satisfied by those CO, ratios less 
than unity. With rat liver slices a further 
elucidation of the nature of the non-E. M. 


pathway has been achieved by the demonstra- 


tion that glucose-2-C™ and ribose-1-C™ be- 
have similarly in the asymmetric labeling of 
carbons —1 and —6 of glycogen(11). These 
findings are also in accord with the mechanism 
of the phosphogluconate oxidation pathway. 

It is of interest to note that assays of phos- 
phogluconate dehydrogenase activity(12,13) 
in cell free systems of various tissues have 
shown that skeletal muscle is practically de- 
void of this enzyme and that the activities of 
other tissues parallel the present findings. 

Summary. A comparison has been made of 
radiochemical yields of COs from glucose-6- 
C' and glucose-1-C!™ on incubation with vari- 
ous rabbit tissues. Brain slices appear to 
catabolize glucose practically entirely via the 
E. M. pathway. The other tissues studied, 
particularly testis and bone marrow, formed 
CO» in greater yield from carbon-1 of glucose 
than from carbon-6 of glucose. 
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